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To HIS GRACE 


TAMES, 


Duke f CHANDOS, 


+» 
May it pleaſe Your Grace, 


ah improved, and are daily im- 

Roa proving in the World, the firſt 
Place has, as jt were, by general Conſent, been 
always given to Aſtronomy. And fuch has 
been either the good Fortune of the Science, or 
the Virtue of Mankind, that the greateſt and 
moſt eminent Perſons, in all Ages and Nations, 


have been Patrons and Encouragers of this Stu- 


dy above all others. 
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DzDICATION. 


M-a-v. it pleaſe your Grace, therefore, to 
take this Book into your Protection, fince what- 
ever may be wanting, either in the Work or 
the Author, to recommend it to your Favour, 
will abundantly be ſupplied by the Dignity 
the Subject. 


For to whom can J ſo properly ſend a 
Treatiſe of; the Stars and heavenly Motions, 


enly King, who knoweth the Number 
of the Stars, and calleth them by their 
Names? So remarkable is your Grace's Zeal 
for the Seavice and Honour of God, that you 
took particular Care to adorn his Houſe, be- 
fore you would lay the Mundation of your own. 
Nor did your Care extend only to the Orna- 
ments of the Temple, but likewiſe, and more 
eſpecially, to the, Decency: of the Worſhip: 
You called Mufick in to excite Devotion ; Mu- 


fick being the Delight and Employment of the 


heavenly Choir. 


You, my LoRn, are the publick and 


landing Mark of all Mens Admiration, the 
beautiful Pattern which all defire to imitate, 
though few can hope to equal. In publick Af- 
fairs, what Stateſman more able? In do- 
meſtical Management, what private Man 
more expert; in the conſtant lating and 
r a 3.7 exact 


as fe 4 faithful and zealous Servant of tbat 


ws onde. Ao tee. oc es. a. 
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 exalt eee, of Accompts, nobody more pro- 


vident, nobody more frugal; In Expentes,. 
nobody more liberal: In Largeſſes, nobody ſo, 
magnificent. 


So. great is your Affection 1 Learning 
and the # moms 1 that while you make your. 


ſelf Maſter . of every As t, you, give Matter 


| Encouragement to every” Artiſt. \, To the. 


particular Science which . is the 8 ubj ef \ of, 


this Book, your Grace ts ſo eminent, ſo be- 
nefictent a. Patron, that in the Hate and 
beautiful Structure of Cannons,” - Aſtrono- 
mers will find every Thing. for tbe Improve- 
ment of their Knowledge ; Inſtruments worthy. 
of the Science, and an Obſervatory Wit of 
its Lord. 


Fo 


THE Book "S now preſent is a Tranſla- 
tion of thoſe _Aftronom# hi Lectures, which 
were honoured with your Grace's Name at 
their firft+ Publication, in the Language 
they were read in at the Un; verſity of Ox- 
ford. The Verſion was made at the Requeſt, 
and for the Service of, the Fair Sex, and 
particularly for the Service of the great 
Ornament of ber Sex, the Ducheſs of 2 
dos. It is no Hlattery to the Ladies, 
ſay, that ſuch of them as deùgbt in ” 3 
and Sciences, as to Quickneſs of Perception, 
and Delicacy of Taſte, are equal, if not 
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DzvD1icaT1ON: 

arb, to Nen; and ir in m Ap unt to the 

2 ned of either Sex, to Jay, there is not 

a finer Genius than my Lady Dutheſs. 

Mar every Star in Heaven ſhed ts 
hindeſt In on both your Heats, 


And 
may ' continue to enjoy that Aﬀuente, 
which, 

and Warmth to all round Tou. 


like the Rays of the Sun, ſcurters Light 


TRA, on 55 is „ vet” | 
becauſe it is Zi the general Good of Mankind, 
particularly of him who 1s, d lle deepeſt 
Senſe of + Gratitude, 


Youp, Grace's 
Mg of faithful and 
My bn humble — 


JohN KEILL. 


C SIT, 


SOSOSOSDEOSSS 
* 36: mvbety AMY CADE 


E FA C E. 


MON all the Gifts and Benefits 
me moſt bountiful Go p has moſt 
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LE SL2OSED WW: And as among the Sciences there 
are none which A4//rznomy comes behind upon the Ae- 
count of its Antiquity, and the Pleafure that attends 
the Study of it, ſo it will yield to none of them on the 
Account of its Uſefulneſs, and the Advantages it 
affords to human Life. By it we diſcover the won- 
derful 5 of Nature here with the Frame and 
Structure of all created gs are linked and knit 
together, to conſtitute the great Machine of the Uni- 
verſe. Aſtronomy teaches us to obſerve and diſcover 
the Motions of the heavenly Bodies, and it weighs 
and confiders the Vigour and Force by which they 
circulate in their Orbs. It is a Science, which the 
greateſt Heroes from the Beginning of the World, 
have taken Pleaſure to ſtudy and improve; fo that it 
was always eſteemed as a Science fit for Kings and 
Emperors to employ themſelves in. On which Ac- 
count the Chaldean Wiſe-men and Philoſophers were 
always reverenced and favoured by the antient Kings, 
who thought it abſurd that Are govern the 

'orld, who knew not what the World was. | 


TL E Excellency of this Science appears from this, 
that there js no Knowledge which is attained by the 
Light of Nature, that . us . truer and juſter No- 

tions of the Supreme an 
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The PREFACE. 
of-both Heaven and Earth, than it does, None far- 


niſhes us with ſtronger Arguments by which his Ex- 


iſtence is demonſtrated; nothing ſhews more his Power 
and Wiſdom than the Contemplation of the Stars 
arid their Motions. That Prophet as well as King, 
the Holy David, tells us, that The Heavens declare the 
Glory of Cd, and the-Firmament heweth his- Handy Work. 
And again, The Heavens declare his Righteouſneſs, and 
all the People have ſcen his Glory. | 
MARCUS Tullius Cicero, who was guided only 
by the Light of his own Reaſon, had the ſame Sen- 
timents. Nothing, ſays he, is more evident, nothing 
plainer, when we lool up to the Heavens, and contemplate 
the Bodies there, than that there is a Deity of moſt excel- 
lent Wiſdom who governs them. W hat is there that more 
raviſhes the Mind of Man into an Admiration, Re- 
verence and Love of Gop, than ſo many and ſo great 
Bodies endowed with heavenly Light, moſt beautiful 
to the Eye, and when contemplated, moſt delightful 
to the Underſtanding? Their mutual Intercourſes, 
molt. regular Motions, their certain and determined 
Circulations, and their Refizrns and Periods ſettled by 
a divine Law, in an admirable Harmony, make ma- 
nifeſt to us the immenſe Power, Wiſdom and Provi- 
dence of their Maker ; which when we confider, we 
muſt neceſſarily acknowledge, reverence and celebrate 
the Author and.Contriver of all theſe Things. | 
- Besives Aſtronomy, with its ſublime Speculations 
about ſo many and ſo large Bodies, and at ſuch im- 
menſe Diſtances, does wonderfully pleaſe and recreate 
the Mind. 3 
ASTRONOMY, for the Certainty and Evidence of 
its Demonſtrations, is not inferior to Geometry; its 
Uſefulneſs is manifold, and the Arpplitude of its Sub- 
ject is ſo large, that it comprehends nothing leſs than 
the World itſelf. For as, among all the liberal 
Sciences, there are none that contemplate Objects 
more in Number, greater in Quantity, or at longer 


Diſtances ftom us, than A/ronomy ; ſo likewiſe there 


ate none in wWhyh there ſtill remain fewer Difficulties 
to 
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to be explained, Objections to be anſwered, or Scru- 
ples to be removed, than there are in Afſironomy, and 
no Science has yet attained ſo great a Degree of Per- 
fection as it has. 2 

In moſt of the other Arts there are ſeveral inex- 
tricable Labyrinths; many ſtrange Objections are 
raiſed, and unanſwerable Arguments, which do fo 
confound the Mind, that like thick Clouds they ſtop 
all further Proſpect and Diſcovery. But the Motions 
of the heavenly Bodies are now certainly known, and 
their Cauſes demonſtrated, and the Reaſon of all the 
Phenomena of the Heavens are exactly underſtood. 

TEE ſmalleſt Stars we can fee, though they be at 
an unmeaſurable Diſtance from us, yet have their 
Longitudes and Latitudes exactly determined, their 
proper Places ſettled, and are all reduced into Cara- 
logues ; though at the ſame Time the Science of 
Geography, or a Deſcription of our own Habitation, 
is ſo imperfe&, that we have an exact Determina- 
tion of the Longitudes and Latitudes of but a very 
few Places, there ſtill remaining many Uninnun 
Lands and Countries that have not as yet been diſ- 
covered : And there are now great and far extended 
Continents, of which we ſcarcely know any Thing be- 
ſides their Coaſts and Shores. And what is ſtill more 
ſtrange, in our little Provinces and Counties which 
we daily travel over, there are many Towns and 
Cities whoſe Poſitions are ſtil] uncertain, as is plain 
from the many Geographical Maps of them, which 
contradict each other, 

TRE Aſtronomers foretel, for many Ages to come 
the Eclipſes of both Sun and Moon, their Quantities 
and Durations ; the Conjunctions, Oppoſitions and 
mutual Aſpects of the Planets, and what will be the 
Diſtances of all the Stars from the Pole at an 
Time; whereas there is no Man fo well ſkilled in 
Meteorology as can certainly foretel what will be the 


State and Condition of our Atmoſphere for the very 


next Day, and yet it reaches but a few Miles from 
us: We are unable to judge whether we ſhall have 
fair Weather or foul, calm or ſtormy, or even ſo 

, | ... . muck 
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much as to foreſee from what Point the Wind will 
blow. And this is no Wonder, ſince the Cauſes from 
whence thoſe Effects ariſe are unſearchable. 3 
No Philsſopher has ever yet diſcovered the Figures 
of the ſmall Parts of Matter, or the Texture, In- 
tetvals, Form and Compoſition of the Parts of the 
moſt common Plant. Nor has any Phyſician yet 
found out the Reaſon of the Virtues and Operations 
by which their Medicines affect human Bodies. And 
even in all animated and vegetable Bodies, the Foun- 
tain and firſt Principle of Life and Action is un- 
ſearchable; and looks like a Myſtery much beyond 
the Reach of our Underſtanding, which Knowledge 
perhaps, in this Life, is never to be attained. But 
Aſtronomers in their proper Science meet with no 
ſuch Difficulties; they contemplate not the Natures, 
but the Motions of the celeſtial Bodies, and they 
clearly account for the Phenomena or Appearances 
that ariſe from thence: They not only determine 
what Sort of Motion the Planets have, and in how 
large a Compaſs they circulate, but they likewiſe 
ſhew us the crooked Iraqis in the immenſe Regions 
of Space which the wandering Comets take: They 
can give us the Geometrical Properties of their Orbits, 
and the Laws which they obſerve in deſcribing them. 
The Afronomers are not ignorant where or when the 
Planets are at their fartheſt Diſtance from the Sun, 
and participate the leaſt of his Heat and Light; from 
whence they return, and are conſtantly quickened in 
their Motions by the Sun, who draws them towards 
himſelf, till they come to thoſe Parts of Space where 
they make'their neareſt Approach to him, enjoy moſt 
of his Heat and Light, and are actuated by the great- 

eſt Force of their own Gravity. | 
Mos T of the Diſcoveries we have related were 
known to the A/tronomers of former Ages. But our 
Times, and this our Country of Britain, have had 
the Happinels to produce a G:1us of a divine Nature 
and extraordinary Qualities ; I mean the Great Sir 
1SAAC NEIWW TON, who, beſides his innumerable 
other wonderful Inventions, has diſcovered the Foun- 
| tain 


tain and Spring of all the celeſtial Motions, and the 
great Law, which is univerſally diffuſed through the 
= whole Syſtem of Nature, which the Almighty and 
X Wiſe Creator has commanded all Bodies to obſerve, 
viz. That every Particle of Matter attra&ts each 
other in a reciprocal duplicate Proportion of its Di- 
ſtance. | 
Tuts Law is as it were the Cement of Nature, 
and the Principle of Union, by which all Things re- 
main in their proper State and Order; it detains not 
only the Planets, but the Comets within their due 
Bounds, and hinders them from making Excurfions 
into the immenſe Regions of Space, which they would 
do if they were only actuated by a Motion once im- 
planted in them, which naturally they would always 
preſerve according to the principal Law of Motion. 
Wx are obliged to the fame Gentleman for the 
Diſcovery of the Law that regulates all the heavenly 
Motions, ſets Bounds to the Planets Orbs, determines 
their greateſt Excurſions from the Sun, and their 
neareſt Approaches to him. To this ſublime Genius 
we owe, that now we knY the Cauſe why ſuch a 
conſtant and regular Proportion is obſerved, by both 
primary aud ſecondary Planets, in their Circulations 
round their central Bodies, in comparing their Di- 
ſtances with their Periods ; and why all the celeſtial 
Motions are ſtill continued in ſuch a wonderful Re- 
gularity, Harmony and Order. The fame ineom- 
pa Perſon, having a complete Knowledge of the 
aws of Nature and Motion, has from them fur- 
niſhed us with a new Theory of the Moon, which 
accurately anſwers all her Inequalities, and accounts 
for them by the Laws of Gravity and Mechaniſm ; 
R fo that now the Moon's Place, computed by the 
. Rules of this new Theory, does not ſenſibly differ 
at any Time from what it is obſerved to obtain in 
. the Heavens, which does exceed the Hopes and Ex- 
; pectations of our Aſtranomers; ſo that we have now 
| a Proſpect of improving our Navigation, by finding 
from Obſervations of the Moon, the Longitude of 
a Ship at Sea: A Problem of great Uſe, as So- 
ution 
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lution is much to be deſired, and for which there a i 


4 


very ample Rewards allowed. | 
THeRE is nothing that does more ſhew the Force 


and Penetration of human, Underſtanding, than theſe * 


There is no more 


certain Way of comprehending the prodigious Bulk 


great and wonderful Diſcoveries. 


of the whole mundane Fabrick, or the amazing 


Beauty of, ſ@ divine a Structure, and the infinite 
Wiſdom of its divine Contriver, than by conſidering ! 
theſe Laws which are lately diſcovered. From them 
we learn to have a moſt noble and magnificent No- 


tion of the whole Syſtem of Nature. Now we are 


aſſured, that this Earth we inhabit is but a fmall and 
inconſiderable Part of a glorious Fabric; fince there 


are almoſt infinite Worlds, crreated by a Supreme and 
an Almighty Being, which are prodigiouſly larger 
than ours, in the diſpoſing and governing of which 
the ſame Being exerciſes his infinite Power and Wiſ. 
dom. II is he who ſpoke the Word, and the Heavens were 
made, He commanded, and they were created. He hath 
made them faſt for ever and ever. He hath given them a 
Law which ball not be broke | Os: I YR 
ASTRONOMY is not only uſeful, as it improves 
the Mind, and by its moſt delightful Speculations in- 
creaſes the Force and Penetration of the Underſtand- 
ing; but it is likewiſe a conſiderable Help to the 
rfecting of other Arts and Sciences. In how great 
arkneſs would the Geographers, the Chronologi/ts wan- 
der, were they not aſſiſted with Light from Aſironomy? 
Toit is owing, that we know the Figure and Mag- 
nitude of the Earth, and find out the Situations and 
Diſtances of Places. We learn from it the true Mea- 
ſure of the Year, and can give an Account of Actions, 
according to the true Order of the Times in which 
they happened. Hence is evident how uſeful A/rone- 
my is to human Affairs; for without it we could have 
no Geography nor Chronalogy, and conſequently no cer- 
tain Account of Hiſtory. | Wert 
Bur among all the Arts and Sciences, there is 
none that has received greater [mproyements from 
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Aftrmomy than Navigation has done; for by our 
X Knowledge in it we can carry our Ships through the 
X vaſt Ocean in a right Courſe, though there is no 
2X Tract to be ſeen, and viſit the utmoſt Regions of 
XX the Earth. Hence ariſe the Advantages of Trade 
and Commerce; ſo that whatever Things other 
Countries afford, that are either precious or delight- 
ful, we receive and enjoy without the Inconve- 
niencies of intemperate Heats or Colds to which 
thoſe Countries are liable. It is owing to our Skill 
in Navigation that our Bxitiſß Monarchs have obtained 
the Sovereignty of the Seas; ſo that there is no Na- 
tion, at what Diſtance ſoever, but what are kept from 
doing Injuries to our Countrymen by the Terrors of 
a Britiſh Fleet. 

As the Art of Sailing does in a great Meaſure de- 
pend on the Knowledge of the Stars; ſo the impe- 
tuous and ambitious Deſires of Kings and Princes 
to diſcover unknown and foreign Countries, in- 
clined them to cultivate A/ironomy, The firſt and 
chief of all the Sailors was Neptune, who, upon the 
| Account of his Skill in tis Art, was celebrated as 
"I God of the Ocean. His Son Belus, being an Aftro- 
nomer, by his Knowledge therein, carried the Inhabi- 

tants of Libya into Aſia, where he inſtituted Colleges 
the of Aſtronomers ; for Diodorus, in the firſt Book of his 
Hiſtories, writes thus: It is reported, ſays he, that the 
Egyptian Belus, the Son of Neptune and Libya, brought 
@ Colony to Babylon; and there he inſtituted Priefts, whom 
the Babylonians call Chaldeans ; who, after ther Man- 
ner of the. Egyptians, were to olſerve the Stars. Before 
his Time, there was Atlas King of Mauritania, a 
great Aſtronomer, who firſt ſhewed us the Doctrine 
of the Sphere. And therefore Virgil introduces Iapas 
ſinging what Atlas had taught Mankind, 


----= Docuit qua maximus Atlas, 
Hic canit errantem Lunam, Solijque labores. 


So Uranus, King of the Country ſituated on the 
Shore of the Atlantich Ocean, for his Skill in Afro- 


amy, 


viii 


when Alexander took Babylon, Calliſthenes at the 
Deſire of Ariſtetle carried from that City the Ob- 


 <. aſcribe it to Belus.“. The Greeks had all their 
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aomy, is ſaid to have been deſcended from the Gods. 
Zoroaſter, a Perſian Philoſopher, is celebrated by all 
Antiquity as a ſkilful 4/fronomer. And the Honour 
and Dignity of this Science was had in ſo great a 
Reputation, as to be called the Royal Science, being 
that Kings were moſt delighted by it above all others. 
For the Kings of Arie and Syria firſt invented and 
improved it, and that long before it was known in 
Greece. This Plate acknowledges in his Dialogue, 
which he calls Epinomis. The firſt, ſays he, who ab- 
ferved theſe Things was 4 Barbarian, who lived in an 
antient Country, where, upon the Account of the Clear- © 
meſs if the Summer Seaſon, they could firſt diſcover 
them, ſuch as Egypt and Syria, where the Stars are | 
clearly ſeen, there being neither Rains nor Clouds to || 
hinder their ages, And becauſe we are morg re- 
mote from this Summer Clearneſs of Weather than the 
Barbarians, we came later to the Knowledge of theſe | 
Stars. *80 Lucian tells us, That the Ethiopians fir/? } 
took Notice of the heavenly Motions, and by finding the | 
Cauſes of the Lunations they knew that the Moon had | 
no proper Light of its Alon, but borrowed it from the | 
Sun. However, it is certain that A/tronomy from the 
very Beginning was cultivated and improved by the 
Faller Nations. For if we may believe Porphyry, | 


ſervations of 1903 Years, which brings the Begin- 
ning of theſe Obiervatios to 115 Years after the 
Flood, and 15 Years after the Building of Babel. 
Pliny, in his Natural Hiſtory relates, that Epigenes 
affirmed, that the Babylonians had Obſervations of 
720 Years, all graven upon Bricks. And Achilles | 
Tatius, in the Beginning of his Introduction to 
Araius's Phenomena, informs us, “ That the Egyp- 
& 7741s were the firſt who mea'ured the Heavens 
« and the Earth ; and their Science in this Matter 
« was engraven on Columns, and by that Means de- 
<« hvered to Poſterity. Yet the Chaldeans take the 
4 Honour of the Invention to themſelves, and 
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The PREF ACE. 


Aftr momical Learning from Egypt: For Laertins 
owns, that Thales, Pythagoras, Eudoxus, and 

untry to be inſtructed in the 
= Sidereal Science. Theſe Men were not only the firſt, 
= but the greateſt Philoſophers that Greece produced; 
and from the ſame Author we know, that they who 
ſtaid longeſt in that Country were moſt famous for 
their Skill in Geometry and Aſtronomy after they re- 
turned home: So Pythagoras, who lived in Society 
with the Egyptian Prieſts ſeven Years, and was 
initiated into their Religion, carried Home from 
thence, beſides ſeveral Geometrical Inventions, the 
true Syſtem of the Univerſe ; and was the firſt that 
taught in Greece, that the Earth and Planets turned 
round the Sun, which was immoveable in the Cen- 
ter; and. that the diurnal Motion of the Sun and 
fixed-Stars was not real, but apparent, ariſing from 
the Motion of the Earth round its Axis. At that 
Time nobody was eſteemed as a Philoſopher, but 
who was well acquainted with the Mathematical 
Sciences. 

Bur theſe Sciences were on neglected by the Phi- 
loſophers that came after them, who much degenera- 
ting from their Predeceſſors, had ſo little Care and Con- 
cern for the Mathematical Sciences, eſpecially Afiro- 
nomy, that of all the Obſervations of Eclipſes, for 
the Space of near 2000 Years, that were ſent from 
Babylon by Calliſthenes, Ptolemy could recover but a 
very few, the reſt being loſt by the Careleſneſs, Neg- 
ligence, and want of Skill of thoſe Men who ſhonld 
have preſerved them. For theſe Pretenders to Phi- 
loſophy, having no Concern for the uſeful Parts of 
it, ſpent their Time about Trifles and Diſputes of no 
Value, and in endeavouring to find out Sophiſms, 
whereby they would impoſe upon their own, and the 
common Senſe of all Mankind: Such were Zend's Ar- 
guments againſt Motion, and moſt of the Philoſophers 
Diſputations againſt the Diviſibility of Matter in in- 
finitum ; whereas a little Knowledge of Geometry 
would — diſſolved all the Difficulties they 
could raiſe. But though 4/ronomy was thus baniſhed = 
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of the Schools of the common Philoſophers, yet it 
was received and cultivated by ſome, tho” but a few, 
eſpecially by the Pythagorean Sect, which flouriſhed 
in Italy many Years, among whom was Philolaus and 
Ariflarchus Samius. The Ptolemies Kings of - Egypt, 
were alſo great Patrons of Learning; they founded 
an Academy for Aſironomy at Alexandria, which fur- 
niſh us with great Men, the chief of whom was Hip- 
parchus, who according to, Pliny, undertook a Buſineſs 
which would have been a great Work for a GO to per- 
form, that is, to number the Stars, and leave the Heavens 
fer an Heritage to all that come after. This Man foretold 
the Eclipſes of both Sun and Moon for 600 Years; 
and upon his Obſervations is founded that precious 
Work of Ptolemy, which he called his wiyday ovilatis, 
or his great Conſtruction ; for from them he gathered 


the Proceſſion of the Equinoxies, and the Theory of 


the Planets. . 

W HEN Egypt was conquered by the Saracens, and 
Alexandria reduced under their Juriſdiction, the Con- 
guerors took A/?ronomy, with the-reſt of the Liberal 
Arts, under their Prowftion, and took care that 
moſt Part of the Bogks-concerning the Liberal Arts 
and Sciences ſhould be tranſlated from the Greek into 
their own Arabian Language. SOLE 

Tas Saracens paſling from A/rich into Spain, and 
having a Commerce with the Weſtern Zxropean Na- 
tions, imparted to them the Ssience of A/tronomy, 
which before was almoſt loſt in Europe; fo that about 
the Year 1230, at the Command of the Emperor 
Frederich, Ptolemy's Almageſt, or his great Syntaxis, 
was tranſlated from the Arabick into Latin. | 

AFTER that Time, A/irenomy received man 
Improvements from the Patronage of the great 
Princes, and the Labours of the moſt celebrated 
Philoſophers; among whom, in the fiſt Place, 
is to be named Alphonſus King of Caſtile, « who is 
never to be forgotten, on the Account of the 
Aſtronomical Tables called after. his Name. Nic- 
laus Copermcus was not only a diligent Obferver, 


but allo a Reſtorer of the antient  Pythagorean | 


Ga Syſtem. 
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Syſtem Prince William, Landgrave of Heſs, who 
procured Quadrants and Sextants much larger than 
what were formerly uſed, to obſerve the true Places 
of the Stars: This Prince's Obſervations are pub- 
liſhed by Snellius. Sir Henry Savill was moſt ſxilful 
both in A/tronomy and Geometry, who is ever to be 
honoured for his Munificence in founding our two 
Profeſſions of Aftronomy and Geometry in the Univer- 
ſity of Oxford, and endowing them with ample Sa- 
laries; upon which Account, and many other Be- 
nefits he beſtowed on the learned World, he will 
always be had in Remembrance with the greateſt 
Reſpect. That Noble Dane, Tycho Brahe, who for 
his Skill in obſerving was ſuperior to all that went 
before him; and who, for the Furniture of his Ob- 
ſervatory, exceeded even Princes and Kings: He 
publiſhed a Catalogue of 770 fixed Stars, which he 
had diligently obſerved. Fohn Kepler, a moſt excel- 

= lent A/ronomer, by the Help of Tycho's Labours, 
on- found out the true Syſtem of the World, and the 

3 Laws the Celeſtial Bodies obſerve in their Motions, 
with which he vaſtly improyed Aſtronomy; his excel- 
lent Works are well known to the learned World, 
and will ever ſhew how much he is to be praiſed. 
Galileus, the Lyncian Philoſopher, who firſt applied a 


and Teleſcope to the Heavens, and by its Means diſcovered 
Na- a great many new ſurprizing Phenomena, as the Moons 
my, | or Satellits of Jupiter, and their Motions ; the various 
out Phaſes of Saturn, the Increaſe and Decreaſe of the 
ror 2 Light of Venus, the mountainous and uneven Surface 
xis, of the Moon, the Spots of the Sun, and the Revo- 


lution of the Sun about his own Axis; all which 
were firſt obſerved by this great Philoſopher. 

I ſhould much exceed the Bounds of a Preface, if I 
ſhould name the reſt of the great Improvers of our 
Art, with the Praiſes that are due to them; par- 
ticularly Hevelius, who has given us a Catalogue of 


the the fixed Stars much larger than Tycho's, compoſed 
ico- from his own curious Obſervations. The moſt il- 
ver, luſtrious Gentlemen, Meſſieurs Hugens and Caſſini, 
nnn who firſt ſaw the Satellits of Saturn, and diſcovered 
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his Ring: Gaſſendus, Horrox, Bullialdus, Ward, Ric- 
| ciolus, and many other Aftronomers of great Renown.” 
* But we have one here, who on Account of his great 
. Merits in A/tronomy does excel them all, that is, the 
moſt eminent and learned Dr. Edmund Halley, Sa- 
villian Profeſſor of Geometry, in this Univerſity, my 
moſt friendly Colleague, to whoſe Labours Aſtronomy 
owes many, and thoſe not ſmall Improvements : In 
him there ſhines out together (which I .know not if 

they are to be found in any other Perſon to ſuch a 
Degree) the greateſt Dexterity in Practical A/tronomy, 
and a moſt profound and exquiſite Skill in Geometry, 
which will appear by his 4/tronomical Tables when 
publiſhed ; for they will far excel all others that 
ever were, or perhaps ever will be publiſhed. 

I could name many others of our own Country- 
men, who have done much Service towards the Im- 
provement of A/?ronwomy ; but we muſt not paſs over 
in Silence the Labours of the celebrated Royal Pro- 
feſſor, the late Mr. Fohn Flamſteed, who with inde- 
fatigable Pains, for more than 40 Years, watched 
the Motions of the Sta and has given us innu- 
merable Obſervations of the Sun, Moon and Planets, 
which he made with very large Inſtruments, exactly 

divided by moſt exquiſite Art, and fitted with tele- 
ſcopical Sights. Whence ve are to rely more on the 

Obſervations he hath made than on thote that went 
before him, who made their Obſervations with the 
naked Eye, without the Aſſiſtance of Teleſcopes. 
The ſaid Mr. Flamſteed has likewiſe compoſed the 
Britiſh Catalogue of the fixed Stars, containing about 
3000 Stars, which is twice che Number that are in 
the Catalogue of Hevelius; to each of which he has 
annexed its Longitude, Latitude, Right Aſcenſion, 
and Diſtance from the Pole ; together with the Va- 
riation of Right Aſcenſion and Declination, while 
the Longitude increaſes a Degree. This Catalogue, 
together with moſt of his Obſervations, is printed 
ou a fine Paper and Character, at the Expence of 
the late Prince George of Denmark ; but Mr. Flam- 
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Herd, before he died, had near finiſhed another Edition 


of them at his own Expence, which were publiſhed 
in three Volumes in Folio, 7257. 
Ao ſo many Helps and Advantages towards 
the Underſtanding of Aſtronomy, there was ſtill want- 
ing an univerſal and complete Theory of the celeſtial 
Phenomena, explained according to their true 'Mo- 
tions and phyfical Cauſes. But this Work has been 
lately performed, finiſhed, and publiſhed by-the late 


Dr. Gregory, the great Honour of our Profeffion, and 


my Preceptor, whom I ought always to remember 
with Gratitude, for it is owing to him if I have 
made any Advances in this Study. | | 
- In the mean time it is to be acknowledged, that 
this Work does not ſeem to be ſuited to the Capacity 
of young Beginners; for it contains many Things 
which require an Inſight into deep Geometry, ſo as 
to be clearly underſtood ; which Skill is ſeldom to be 
met with in young Men, who are for all that capable 
of learning the Elements of 4/tronomy. Beſides, the 
celeſtial Motions and 1 euerion Cauſes are al- 
ways jointly explained; ich two Things, when 
they are to be learned by Beginners, diſtract them 
too much, and make the Doctrine difficult. There- 
fore I thought it more advantageous to the Learner 
firſt to explain the Motions, and give an Account 
of the Phanoaiena that ariſe from theſe Motions, 
which when once underſtood there will be an eaſy Ad- 
miſſion into the Knowledge of phyſical Caules, 

For which Purpoſe I compoled the following 
Lectures, which I read in the A/ftronomical School at 


Oxford, as my Duty obliged me: In them have 


taken ſome Pains, that all the celeftial Motions may 
be clearly explained, and the Reaſons ot the Phe- 
nomena, which ariſe from thoſe Motions, be given. 
But particularly of thoſe which are to be underſtood 
by the Help of a tew Propotitions ot the Elements 
of Geometry. And therefore I would adviſe our 
young Beginners, who deſire to learn A/7ronony, that 
they would place Euclid's Elements before them when 
they read theſe Ledlures, and conſult them when 
R a 2 they 
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find any Propoſitions quoted by us. Thoſe we 
— uo ae but few in — _ —— pe 
th, Sth, 1 15th, 27th, 29th, 32d, and 47th of 
Ge rſt Been The 16th, 18th, zoth, 31ſt, 35th, 
36th, 37th of the 3d Element: Alſo the 4th, 5th 
and-6th of the 6th Element; beſides the Doctrine of 
Proportion, contained in the 5th Book. It were hike- 
wiſe to be wiſhed that the young Student of 4/tronomy 
were ſkilled in plain and ſpherical Trigonometry. But 
if there be any, as I believe there are ſome, who de- 
fire to learn Aftronomy, and yet are ignorant of Trige- 
nometry; I require of them that they grant and allow 
us this Poſtulatez becauſe in every Triangle, either 
erical or plain, there are three Angles and three 
ides ; of theſe ſix, having any three, one of which 
in a plane Triangle muſt be a Side, all the reſt may be 
found. It is Trigonometry that teaches us how to per- 
form this, whoſe Ute is apparent in all the Parts of 
Aſtronomy. | | 
THERE are alſo ſome Things in our A/tronomy 
which require a Knowledę of deep Geometry, as when 
we ſpeak of the Elpech heories of the Planets dif- 
covered by Kepler. But I would not have the Begin- 
ners or young Students trouble themſelves with theſe - 
Particulars, ſo they may them over. | 
I defire alſo of them that are unacquainted with 
Aſtronomy, that after they have read the XI. and XII. 
ures, concerning the general Cauſes of Eclipſes, 
they would leave the reſt of that Doctrine till they 
are inſtructed in the ſpherical Inſtitutions, as they 
are explained by us in the XX. and XXI. Lefures 
and then they may return to the remaining Parts of the 
Doctrine of — contained in the XIII. and XIV. 
3 * 234 
Tun V who underſtand what is here delivered may 
with much Advantage undertake to read that excellent 
. Work of Dr. Gregory's, and learn the phyſical Cauſes 
of the celeſtial Motions from thence. 
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LECTURER 5 


LECTURE I. 


Of Vifible and Apparent Matron. 


WSTRONOMY being a Science in Lecture 

which are explained the Motions of Bo-, 1 
dies that are at an immenſe Diſtance from 
us, and the Appearances which ariſe from 

was & theſe Motions. They who would learn 
this Science, muſt firſt be informed of the Manner 
how the Motions of diſtant Bodies become viſible, 
and the Objects of our Senſes. % 3%. 

AN Þ firſt it is plain, that ſince the Eye looks gat Bo. 
upon ſuch Bodies to be at Reſt, which keep the wie; em 10 
ſame. viſible Diſtance, the ſame Poſition and Situa- be ar RH. | 
tion, not only in reſpect of other Bodies Which , 
we conceive to be at Reſt, but alſo in Reſpect of , 
the Eye that beholds them 1 thoſe Bodies can "Ny 
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2 ASTRONOMICAL 
Lecture be perceived to move, which change their Diſtances 


IJ. and Poſitions, in reſpect to other Bodies, or to the 
L——Þ Eye of the Spectator. 


hat in Bur that we may explain this Matter, by its 


Motion. proper Principles, and draw it from its Origin, that 
is from an Explanation of the Manner of Viſion : It 
muſt be known, that the Writers of Optichs demon- 
- ſtrate that every Body which is ſeen, has its Image 
painted in the Bottom of the Eye, upon that Coat 
which iscalled Reticular, or the Retina, whoſe Surface 
is Spherical concave. This Image is made by the 
Rays of Light which flow from the Viſible Object to 

the Eye, and are therein received and refracted. The 

Of che Image of each Point is in that Place, where the innu- 

Senſe merable Rays which come from that Point, and paſ- 

Seeing. ſing through the Humours of the Eye, do by Refrac- 
tion meet on the Retina. 

Plate J. LET A B, a Portion of the Periphery of a Circle, 

Fig. 1. repreſent the outward Surface of the Eye; D G the 

| Bottom or reticular Coat, which is formed by the 
Extremities of the Optic Nerves, and let C be the 
Center of the Eye; the Image of the Point F will be 
in the Line FCH, and therefore at H: So alſo the 
Image of the Point E will be in the Line E CL, at 
the Point L; for the Rays of Light will, by the pel- 
lucid and clear Coats and Humours of the Eye, be 
ſo refracted, that all thoſe Rays which come from F 
and enter the Eye, will change their Direction, an 
turn toward H, where they will meet; and likewiſe 
all thoſe which come from E, being refracted in the 


Eye, wil converge and meet again at L, where they 
will fortn the Image of the Point E; for by ſtriking 


on the nervous Fibres in theſe Points, they will excite 


the Senſe of Viſion. | 
THERE is a fine Experiment which confirms 
and demonſtrates this Doctrine. For if the Eye of an 
Ox, or any other Creature, juſt after its Death, be 
taken out of its Head, and the opake and black 
Coat call'd the Choroides, which covers the back Part 
of the Eye, be ſeparated, fo that the thin and pellu- 
cid teticular Coat may appear ; if this Eye be turned 


:  _ towards 
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towards a Window, or any Object that is ſtrongly 
illuminated, we ſhall fee with Pleaſure and Admira- 
tion, a fine Picture on the Retina, exactly repreſent- 


- ing the Object in its proper Colours. We ſhall have 


the ſame Appearance, if inſtead of the Eye we take 
any convex-glaſs of a Teleſcope, and turn it towards 
the Object, and place a white Paper at a due Diſtance 
behind the Glaſs, we ſhall obſerve upon the Paper an 
exact Image of the Object, diſtinctly repreſented with 
its lively Colours. 


Ir therefore the Image H of the Point F remain How Mo- 
' unmoved on the fame Point of the Retina, the Eye bien is per- 
being likewiſe unmoved, the Object F will be at Reſt; ceived &y 
But if the Point F be carried to E, its Image will there. . Hel. 


by ſucceſſively paſs through different Parts of the 
Retina, and deſcribing the Space H L, will excite the 
Senſation of Motion. If the Point F be at a great 
Diſtance from us, and the Motion be made in a Plane, 
paſſing through the Eye, the Spectator will judge of 
the Magnitude of the apparent Motion, by the Mag- 
nitude of the Angle F E 


I F in the Line CF thete be another Object M, 


which is likewiſe at a great Diſtance from us, and this 
Object be carried from M to N, its Motion will ap- 
ee to be the ſame with that of the Object F; for the 

ay of both will appear the ſame, the two Images 


having the ſame Path, and paſſing through the ſame 


Space in the Bottom of the Eye, If the viſible Point 
M be carried in the Line CF from M to F, ſuch a 
Motion cannot be perceived by the Spectator, the 
Image of M remaining unmoved all the while on the 
Ratina + And whatever Bodies are moved in Lines 


pry” 4 through the Center of the Eye, the Motions 


ſuch Bodies are not to be obſerved by our Sight, 


nor can we any other Way diſcern ſuch Motions, but 
by the loc 


or Diminution of the Splendor and 


wiſible Magnitude of the Objects. I ſpeak here of 
diſtant Objects: For thoſe that are near us, though 
they move in Lines paſſing thro' the Eye, yet we may 


Situation 


diſcern their Motions by the ang of Poſition and 
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Lecture Situation which they hold in reſpec to other Bodies, 


whoſe Poſitions and Diſtances are known. Now what- 
ever be the Path of the rage Point F in the Plane 


ight Line F E, or in 


F QE; when it comes» to the Line C E, its appa- 


rent Motion will always be ſeen to be the ſame, while 
the Angle FCE temains the ſame; but when the 
Angle FCE is increaſed or diminiſhed, the viſible 
Motion will be in like Manner increaſed or dimi- 


niſhed, which therefore can be only meaſured by that 
Angle. | 

T na T therefore the apparent Motions of Bodies 
may be determined, we muſt here ſhew the Method 


The Mea- by which Geometers and Aftronomers find out the Mea- 


fares of 


Angles. 


A Degree 


evbat. 


ſures of Angles; which though it is commonly known 
even to the meaneſt Artiſts, yet that we may omit 
nothing which will make what is to follow eafily con- 
ceived by Beginners, we will here explain it in a few 


Words. 


EUCLID has demonſtraged, that the Angles at the 


Center of any Circle are proportional to the Arches 


on which they ſtand, and therefore the Meaſures of 
Angles will be beſt known from thoſe Peripheries or 
Arches which ſubtend them : On which Account the 


- Aſtronomers divide the whole Periphery of a Circle into 
* 360 Paris, which are called Degrees; and they divide 


Scruples or each Degree into 60 other Parts, which are named 


Minutes. 


Plate I. 


Fig. 2. 


- >cruples, or Firſt Minutes; each of thoſe Minutes 
ate again dived into 60 ſecond Scruples or Minutes; 


and each Second is alſo ſuppoſed to be divided into 


Thirds, each Third into Fourths ; and ſo on. 
By this Means 12 reckon no more Degrees or 


Parts in the greateſt Circle than in the leaſt that is; 


and therefore if the ſame Angle at the Center be ſub- 
tended by two concentrical Arches, they count as 
many Degrees or Parts in the one as they do in the 
other; for theſe two Arches have the ſame Pro- 

rtion to their whole Peripheries. For Example: 
Let AC B be an Angle, and 2 
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there be deſcribed two Arches A B. DE, ſubtend- Lecture 
ing the Angle: There are as many Degrees and Mi- I. 
nutes contained in the Arch A B, as there are i 
the Arch D E, although the Radius or Semidiameter 
of the Arch AB were only a Foot long, and the Ra- 
dius of the other reached the fixed Stars. It is true FER 
indeed, that a Degree in the Arch AB is ſo much \ 
leſs than a Degree of the Arch DE, as its Radius 
CB is leſs than CE or CD: The Angle C is ſaid to 
be of ſo many Degrees or Minutes as the Arch which 
ſubtends it contains of ſuch Parts. | 

Tas Inſtrument by which Angles are obſerved, The Me- 
is a known Portion of the Periphery of a Circle, as . < : 
a Quadrant, Sextant, or Octant, that is, the fourth Mea/uring 
Part, ſixth Part, or eighth Part of the whole Peri- Angles. 
Nag, If it be a Quadrant, the Inſtrument-Makers 
on e it into 90 Degrees, go being the zth of 360: 

a Sextant, it is divided into 60, which is the th of 
360: If an Octant, it contains 45 Degrees or the 
th of 360. They divide again each Degree into 
Minutes, and each Minute into Seconds, if the In- 
ſtrument be large enough tl ſhew ſuch Parts. The 


Inſtrument-Makers fix to the Side of the Inſtrument 


Pins or Sights, by which they collineate to the Ob- 
ject, and they faſten likewiſe a Rule moveable about 
the Center upon the Flain oi the Inſtrument, which 
Rule is likewiſe furniſhed with Sights, with which 
they obſerve Angles in this Manner. * 
LeT A and B be two Objects at a. great Diſ- Plate I. 
tance from us: And ſuppoſe the Obſerver at C, Fig. 3. 
who is to meaſure the Angle AC B: Let the Inftru- 


ment be turned, till the Object A can be ſeen through 


the Sights of the Side C D; and let the Plane of the 
Inſtrument be ſo moved round the Side CD, and the 
Rule round the Center, that the Object B may be 
ſeen through the Sights of the Rule: It is manifeſt from 
what has been ſaid, that the Arch DE will give the 
Meaſure of the Angle A CB, and that the Arch AB 
will contain as many Degrees and Parts, as the 
Arch DE, which the Rule cuts off from the In- 
frument. _ 
. B 3 Mok k- 
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6 ASTRONOMICAL 
Lecture MoxtoveR Aſtronomers have other Bounds or of 
| Marks from which they reckon the Arcual Diſtances 2 
of Stars, and meafure them with a like Inſtrument. v 


The Hort. Theſe are chiefly the Horizon, which is formed by a 
zon, Plane touching the Surface of the Earth where the \ 
Spectatot ſtands, and is infinitely extended towards 
the Heavens ; which it divides into two Hemiſpheres, 
or Parts ſenſibly equal, and ſeperates the Viſible Hea- 
vens from the Inviſible. And if we ſuppoſe a Circle 
perpendicular to this Horizon paſſing through any 
Star, the Arch of it comprehended between the Star 
and the Horizon is called the Altitude or Height of 
The Hi that Star. There is another Mark which is called 
rade of a the Pole of the Horizon, and is that Point which is 
Star. directly over-head, through which a Line perpendi- 
The Polt ef cular to the Horizon will paſs: And it is in this 
the Hori- Line all heavy Bodies endeavour ap deſcend, and act 
eas cording to which we ſtand upright. By this Me- 
thod the Sailors at Sea find out the Height of the 
Sun by the Angle which is formed in the Eye, by 
Lines coming from the Sun, and from the Horizon. 
So likewiſe the A//ronomens by Rules and Quadrants 
made on Purpoſe for that Uſe, obſerve the Angle 
which the Rays or Lines that come from the Sun 
or Stars, make with the Line that is perpendicular 
to the Horizon. | 

InsrEAD of plain Sights we now common 
make Uſe of Teleſcapes; for by their Means diſtant 
Objects are more certainly and exactly obſerved, 
than they can be by our ſimple View. The Man- 
ner of fitting Teleſcopes to Inſtruments, the Method 
of dividing the Arch, and the Contrivances for 
managing and moving the Inſtrument for Practice, 
we leave to the Mathematical Inſtrument-Makers to 

deſcribe. | | | 
Plate IJ. Br the Meaſure of Angles we likewiſe find the 
Fig. 4. apparent Diameteis of diſtant Bodies: Let AB be 
The appa- a Line which is ſeen by the Eye at C directly op- 
rent Dia- poſite to it, and ſuppoſe drawn from its Extremities 
3% A, B, right Lines A C, BC to the Eye; that Line 
49% AB is ſaid to appear under the Angle 3 * 
| w | 
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which is called its Apparent Magnitude, and is ſaid to Lecture 
be ſo many Degrees and Minutes as that Angle ob- J © 
ſerved by an Inſtrument contains. After the ſame 


Way the Object DE, ſeen by the Eye F, is ſaid to Fig. 5. 


appear under the Angle DF E, and the Apparent , 
Magnitudes of the Lines AB, D E, are to one an- 
other, as the reſpective Angles AC B, DF E. 

Bur if the Eye come near to the Object A B, ſo The appa- 
as to view it but from half the Diſtance, that is, ent, Dia- 
from G; the Object will be from thence ſeen under weer, the 
twice the Angle it appeared under before: If the Eye 477 1 
come three times nearer, its apparent Magnitude will , 
be near three times greater, provided the Angles be 1 
but ſmall, and exceed not a Degree or two: And Fe. 4. 
the apparent Diameters of ſuch Objects do nearly in- 
creaſe, as the Diſtances from which they are viewed 
are diminiſhed. 

By this Method, if we know the apparent Dia- 
meters of two Bodies, and the Proportion of their 
Diſtances from us, we can know from thence the 
Proportion their true Diameters bear to one another : 
For if their Diſtances be qqual, their true Diameters 
will be as their apparent: And if their apparent Dia- 
meters are equal, their true Diameters will be pro- 
portional to their Diſtances. For Example: If the Plate J. 
Angle ACB be equal to the Angle DEF, but the Fig. 4, 5. 
Diſtance CB triple of the Diſtance EF, the Line 
AB will be triple of the Line DE: But if the Diſ- 
tance CB be not only triple of the Diſtance ef, but 
alſo the Angle A CB be double of the Angle d fe, ©) 
the Object AB will be ſextuple of the Object de. 

For it we ſuppoſe C M equal to 4 f, and an Object 
MN to appear under the Angle M CN or ACB; 
becauſe the Angle M CN is double of the Ange 
d fe, MN will be double of de; but becauſe CB 
is triple of CM or4/, AB will be triple of MN, 
and conſequently it will be ſix times bigger than d e. 
Hence, if the apparent Diameters of the Sun and 
Moon be equal, let the Sun be 100 times further 
from us than the Moon, the Sun muſt needs be 100 
times in Diameter bigger than the Moon: We ſhall 
: | | B $ . after - 


n 
Lecture afterwards demonſtrate, that the Sun's Diſtance from 


ASTRONOMICAL 


us is above 100 times greater than that of the Moon. 


wr Ir we know the apparent Diameter of . 


we can from thence exactly know, by the Help of 
Trigonometrical Tables, what Proportion the Diſtance 


of that Body bears to its true Diameter. For ſuppoſe | f 


the Object DE to be ſeen by the Eye at F under the 
Angle DFE. For Example of one Degree; then 
the Diſtance FE will be to DE the Diameter of the 
Object, as the Radius of a Circle is to the Tangent 
of the Angle DFE; that is, ſuppoſing DFE one 
Degree, as 10000 is to 174,5. The Sun appearing 
under an Angle of about halt a Degree, or 30 Mi- 
nutes, its Diſtance will be to its own Diameter as 
To000 to 87 : Hence, we are certain that the Sun's 
Diſtance from us, is nearly equal to 115 of its own 
Diameters. And if an Eye were placed in the Sun, 
to. obſerve the Angle under which the Diameter of 
the Earth appeared from thence, we then ſhould be 
able to tell exactly the Diſtance of the Sun from us, 
in Diameters of the Earth, or in Miles. 
SINCE, as we have 8 the apparent Diameters 
of Bodies grow bigger, the nearer we come to them, 
and that they are increaſed almoſt in the ſame Pro- 
portion that the Eye approaches them; (for Ex- 
ample: If any Man were ten times nearer to the 
Moon than we are, and did there obſerve it, he 
would fee the Moon ten times bigger in its Diame- 
ter and clearer than we do; in Diameter I fay, for 
the Surface would appear 100 times larger than it 
does to us:) If here on Earth we ſhould take a Te- 
leſcope which only increaſes the Diameter ten times, 
and look to the Moon with it,. the Moon will have 
the ſame Appearance ſeen with ſuch a Teleſcope, 
as would appear to a Spectator ten times nearer it 
than we are. But if we ſhould uſe Teleſcopes (and 
fuch there are) which magnify the Diameters of 
Objects 100 or 2co times, they will ſhew the 
Moon in the ſame Manner, Figure and Bigneſs, as 
it would appear in, at a Diſtance 100 or 200 times 
leſs than ours. Hence we can perceive with our 


Eyes 


D 9 

Eyes with what Face, and ow large the Moon Lecture 

would ſhew itſelf, at the Diſtance of three Dia- I. 

meters of the Earth: As likewiſe we can diſcern — 

how it would appear, if we approached it much 

nearer, and view it only at the Diſtance of 1000 

Miles; for from thence we ſhould be able to diſ- 

cover in it vaſt Ridges of Mountains, deep Caverns, 

many Vales, and large open Fields. By the Means 

of Teleſcopes we ſtill aſcend higher in the Hea- 

vens, and we can approach the Planets, Commets and 

fixed Stars ſo near, that of ſuch immenſe Diſtances 

there remains only the hundredth, or two hun- 

dredth Part to have the whole Journey finiſhed; 

and from thence we can behold the Converſions 

of the Planets about their proper Axes; the Moons 

of Jupiter and Saturn, their Eclipſes ; the Belts of 

Jupiter, the wonderfnl Ring of Saturn, and all the 

various Appearances and Shapes it takes. We could 

not paſs over, without taking Notice in this Place, 

theſe Advantages of the Teleſcope, ſince it is the 

chief Inſtrument by which we obſerve the Mag- 

nitudes of the Heavenly Bodies, and their apparent 

Motions. * l 
SiNCE the Motions of diſtant Bodies are no other Marion 

ways to be known, but by the Change of the Angle far diffaxt , 

which is at the Eye that obſerves them; it will eafily Boden, 

appear from thence, that though Bodies move equally which are 

and regularly, deſcribing equal Spaces in equal Limes,“ chem 

their Motions notwithſtanding may ſeem to be very 

unequal and irregular. This will be beſt underſtood 7 5 = 

by an Example. | Pm wy 
SUPPOSE a Body to be revolved in the Periphery Plate 13 

of a Circle AB DEF GQ, and to move through Fig. 6. 

equal Arches AB, BD, DE, EF, in equal 

Times ; and let the Eye be in the Plane of the ſame 

Circle, but at a Diſtance from it, viewing the Mo- 

tion of the Body from O: When the Body goes 

from A to B, its apparent Motion is meaſured b 

the Angle AOB, or the Arch HL, which it will N 


ſeem to deſcribe; but in an equal Time, while it 


moves through the Arch BD, its apparent Motion is 
deter- 


equal, 
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Lecture determined by the Angle BOD, or the Arch LM 
I. which is much leſs thin the former Arch HL; and 
Conn mn the Body, when it arrives at D, will be ſeen at the 
Point M of the Periphery NL M: But it takes the 
ſame Time to deſcribe D E which is equal to AB, 
or BD; and when it arrives at E, it is ſtill feen at 
the Point M; ſo that all the Time it is moving through 
the Arch D E, it appears almoſt immoveable, and, as 
it were, to ſtand ſtill, While the Body is continu- 
ally going forward in its proper Orbit, and deſcri- 
bing the Arch EF, when it comes to F, the Eye in 
O will ſee it in L, and it will appear to have gone 
* backward in the Arch ML. 85 alſo, while it 
moves from F to G, at its Arrival at G, it will be 
ſeen at H in the very ſame Place it appeared in when 
it was in A, So likewife, while it paſſes froni G 
® through I to Q: the Spectator's Eye at O will obſerve 
it, as if it had deſcribed the Arch HEN. And though 
it is ſtill going on in its Orbit, while it runs through 
the Arch QP, the SpeRator will obſerve it all that 
Time near the Point N, in a Stationary State. Af- 
ter its paſſing by P, anꝙ going to A, it will appear 
to change again its Covtirſe, and deſcribe the Arch 
2 N KH with very unequal Motions. 
Optical Ta1s Inequality of Motion is called by Aftrono- 
Trequality. mers the Optical Inequality ; Becauſe it is not really 
in the Bodies moved, but only apparent to the Eye 
which perceives it, ariſing from the Pofition of the 
Spectator : For the Body all the Time moves uni- 
Plate I. formly forward, and if the Eye were in the Center, 
Fig. 7. it would ſee the Motion always perfectly regularly 
performed. 
A's Eye Tr the Eye were placed in any Point, as O, with- 
placed in the Orbit of the Body, but not in the Center, and 
within the there the Spectator remained immoveable, he would 
Circle, tbe ſtill obſerve the Motions to be uncqual, although the 
3 Body moved never fo 1egulaily; and when at the 
_ 75 greateſt Diſtance from him, as at A, it would appear 
— . to be ſloweſt; when it comes neareſt, it would ſeem 
to move quickeſt. This is plain; for the Arches 
AB and CD being equal, they will be deſcribed in 
S 3 ; - a equ 
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equal Times. But the Angle DOC being greater Lecturt 


than A OB, the Motion in D will appear ſwifter I. 
than that at A. But in this Caſe the Body will 
never appear to ſtand or to go backward, but always 37 72 


forward: And therefore, when a Spectator placed Body can 


within the Orbit of another Body, and viewing its never be 
Motion, perceives it ſometimes to go forward, then en to go 
to ſtand till, and afterwards go backward, we may #%actward, 
from thence conclude, that the Place of the Spectator “ . 


: f chanpe its 
is likewiſe moved. Conte. 
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LECTURE UI. 

Of the Apparent Motion which ariſes 
from the Motion of the Spectator or Ob- 
ſerver, 

irre * ſuppoſed che Spec- 


77 NN tator to have remained immoveable all 
„ the Time of the Obſervation: But if the 


. 
4 


\ 
x 


able, then there will be very different 

Appearances, and the Eye will perceive thoſe 
Bodies to be at Reſt which may have really a2 
very quick Motion, and other Bodies may ſeem to 
be in Motion, which remain really at Reſt: And. 
not only theſe Appearances may be ſeen, but the 
Motion of Bodies may appear to be directly con- 
trary to what they truly are; and Bodies which are 
really going Ea//ward, may appear to move towards 
the Met. All which will be moſt eafily declared 
and made plain from the Appearances obſerved by z 3 
them who fail in a Ship: 8 

SUPPOSE a Ship carried by the Winds with 2 9%, pare 
fwift, but uniform Motion; the Paſſengers can nei- cy por © 
ther perceive the Motion in the Ship, nor of any be Motion 
EO," Thing ofthe Ship. 
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Lecture Thing in it that keeps the ſame relative Place in 
II. the Ship: For ſince the Veſſel and all its Parts re- 
an che Tame Situation and Poſition in reſpect of 
| the Eye, their Images painted on the Retina will 

| always abide in the farae Place, and therefore = 

| muſt appear unmoved. Hence it is, that thoug 
eveiy Thing in the Ship goes as faſt forward as the 

Ship itſelf does; yet ſuch Motions cannot be per- 

_ ceived by a Spectator that fits in the ſame relative 

Place, and who has the ſame common Motion with 


the Ship. But when the Spectator turns his Eyes 


towards the Shore, or upon Objects which are with- 
out the Ship, they will ſeem to be moved; for 
while the Ship goes forward, it carries along with 
But exter-it the Eye of the Spectator, by which Motion of 
nal Objeds the Eye the Poſition of external Objects in reſpect 
without of itſelf will be changed, and their Images will ſuc- 
the oP ceſſively occupy different Places on the Retina; and 
will ſeem therefore Objects without the Ship, which are really 
* e. at teſt; will ſeem to be moved, whereas thoſe that 
are within the Ship, and,really in Motion, will ap- 
pear to be at Reſt. q 
- Ty, while the Ship is moving very faſt forward, 
a Ball of Lead, or any other heavy Metal, were 
let fall from the Top-maſt, the Paſſengers in the 
Ship will obſerve the Ball to fall perpendicularly 
downwards, and it will fall upon the Deck juſt by 


the Foot of the Maſt, after the ſame Manner as it. 


The Moti- would fall were the Ship at Reſt. But notwith- 
on of Ballſtanding this, the true Motion of the Ball is not in 


falling the Perpendicular, but in an Oblique Line, in 


down in a Which it deſcends; and a Spectator in another Ship 
Shep. which is at Anchor, will eaſily obſerve. this Obliquity 
| and Curvity of its Way, while it falls through the 
Air. The Reaſon of this Appearance is eaſily ſhewed: 
For according to the firſt and principal Law of Na- 
tural Philoſophy, a Body once put into Motion, en- 
deavours to retain that Motion, and to continue 
moving in the ſame Direction. Now the Ball, while 
it was held at the Top-maſt, went forward with 

the Ship, and had its Motion communicated to it 
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and therefore, after it is left to fall, it will retain Lecture 
the ſame Force to go forward as it did before; and II. 
at the ſame Time, its Weight carrying it down 
ward, it will both go forward and deſcend : For the 
two Forces, one communicated by the Ship, and the 
other from Gravity, will not hinder or diminiſh 
one another, they not being contrary. It will there- 

fore be moved as faſt forward, and as much down- 
ward as it would be, did the two Forces act upon 

it ſeparately at different Times. By theſe two 
Forces acting together, the Rectitude of its Way 

is only hindered, which it would have, did the Per- 
pendicular and the Horizontal Forces act ſeparately ; 
and the real Way of the Ball through the Air is a 
curve Line, exactly like that which a Body takes 
when it is thrown according to an Horizontal Di- 
rection: And in ſuch a Line it will be obſerved to 
move, by a Spectator placed near it in another Ship 
which is at Reſt. Beſides, fince the Ball and Maſt 

are both moved forward with the ſame Velocity, 
they will always remain at e ſame Diſtance from 
each other, and therefore the Ball will touch the 
Deck juſt by the Foot of the Maſt. Moreover the 
Motion of the Ball forward is common to the Ship, 

and all its Parts, as likewiſe to the Paſſengers that 

are relatively at Reſt in the Ship. But we have be- 

fore ſhewed, that the common Motion could not be 
obſerved by the Patlengers in the Ship, and therefore 

it cannot be perceived neither while the Ball is falling. 
Wherefore the only Motion that can be ſeen, will 

be that which is impreſſed upon it by its Gravity, 
which is peculiar to the Ball, and by which it de- 
ſcends. And therefore the Pallangers will ſee the 
Ball deſcending only in a perpendicular Line. Ex- 
periments have been often made, which demonſtrate 
that all we have ſaid is exactly true. 

Ir any Perſon ſitting at the Ship's Head, ſhould Trier 
throw a Ball towards the Stern with the ſame Ve- Va Bail 
locity that the Ship goes fo:ward, that Ball would ger 
neither go forward nor backward ; and if there 2 abe 
were no Gravity, it would remain immoveable: Pe 


But 
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Lecture But becauſe Gravity acts upon it, it will really deſcend 


II. 


in a perpendicular Line, and a Spectator in a Ship 


Wyn * Anchor would obſerve it deſcending in a right 


Line, For the Force impreſſed upon it when it is 
thrown, will only deſtroy the firſt Force communi- 
cated to it from the Ship, to which the Projectile 
Force is contrary and equal. But for all this, the 
Paſſengers will not perceive this perpendicular and 
direct Motion; but they will ſee the Ball go to- 


| wards the Stern with the ſame Force, as it really would 


have done, had the Ship been at Reſt, and the Ball 
been thrown with the ſame Force to the Stern. 
BuT if the Velocity with which the Ball is 


thrown toward the Stern ſhould be leſs than that 


of the Ship, the real Motion of the Globe will be 
forward, in the ſame Direction in which the Ship 
goes, but flower than it ; for the whole Motion com- 
municated by the Ship will not be deſtroyed, and 
there will ſtill remain a Part of its former Motion, 
by which it will be carried forward, though not ſo 
faſt as before. But thes Paſſengers will perceive no 
ſuch Motion, but they} will obſerve the Ball to be 
moved in a Line directly contrary to its real Mo- 
tion, with that very Velocity that it would have, 
were it thrown when the Sip is at Reſt: Hence 
it is plain, that Bodies may appear to have a Mo- 
bow directly contrary to their real and abſolute 
ion. 


An Objec- Bor ſome may object, that the Ball thus thrown, 


Hon, 


will really hit the Stern of the Ship, and impreſs on 
it a conſiderable Blow, which it could not do, had 
it not 4 Motion towards the Stern. But this Ditfi- 
culty is eafily removed ; for though they that are 
within the Ship ſee the Ball go and hit the Stern, 
a Spectator without, who is not in Motion, will 
obſerve that the Ball does not come upon the Stern 
and give it a Stroke, but that the Stern ruſhes upon 
the Ball, and acts upon it with all its Force: 
And the Force of the Stroke which eagh re- 
ceives, is the ſame as if the Ship had been at Reſt, 
and the Ball had fallen upon it witch the ſame 
0 Velocity 
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Velocity that the Stern does really come againſt the Lecture 


Ball; tor it is known from the Laws of Motion, 
that if there be any two Bodies, A and B, equal 


II. 


or unequa!, the Force of the Stroke will be the plate I. 
ſame, whether B with a certain Degree of Velo- Fig. 8. 


city comes upon A, which is at Reſt; or if B ſhall 
be at Reſt, and A with the ſame Velocity ruſhes 
upon B; or if both Bodies move the ſame Way, 
but A, moving faſter by its greater Velocity, gives 
B an Impulſe, the Force of the Stroke will be the 
ſame as if B were at Reft, and A came upon it 
with the Differnce of their Velocities, that is, by 
the Exceſs wherewith the Velocity of A is greater 
than that of B: Or laſtly, if A and B have con- 
trary Motions, and hit one againſt the other, the 
Greatneſs of the Stroke will be the ſame as if one 
of them ſtood ſtill, and the other came againſt it 
with the Sum of their Velocities. In one Word, 
whatever the real Velocities of the Bodies may be, 
ſo long as their relative Velocities, or the Velocities 
by which they approach each other, remain the 
ſame, the Force of the Strdke will lizewiſe remain 
the ſame. Hence it is, that in a Ship, however 


ſwiftly it may fail, all our apparent Motions, and 


the Motions of every Thing in the Ship, do all ap- 
pear to be the ſame that they would, where the 
Ship at Reſt; And it is obſervable, that Flizs and 
other Inſects keep the ſome Motion in regard to one 
another, whether the Ship is at Reit, or fails uni- 
formly forwaid with any Degree of Velocity, let it 
be never fo great. And it is univerſally true, that 
all Bodies that are ſhut up in any one Place, pre- 
ſerve the ſame Motions in regard to one another, 
and all Appeances will be the. ſame, whether the 
Place remains unmgveable, or has a direct uniform 
Motion forward. 

I have brought theſe Examples, that you may 
perceive how wide the Differences may be between 
real and apparent Motions, and how hard it is to 
judge of real Motions, by thote that are ſeen. |, 


By 
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By this it is evident, that if a Spectator. were 
placed in Jupiter, or Saturn, or any other of the 
Planets, he can never be made ſenſible of the Mo- 
tion of his own Habitation, no more than they who 
fail in a Ship can perceive the uniform Motion 
of the Ship. Paſſengers who fail in Ships may 
indeed be very ſenſible of the frequent Toflings 
and ſudden Shocks the Ships receive from the 
Waves and Wind, which they find exceedingly 
troubleſome to them, But the Planets, which com- 
poſe a Celeſtial Fleet, are not liable to any Storm ; 
they without any Diſturbance or Commotion cir- 
culate in their Orbits, and fail, as it were, in a 
moſt Pacifick Ocean, which is continually calm and 
ſerene. 
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LECTURE II. 
- Of the Syſtem of the World. 


I © Spectator, the Appearances of Things 
will be very various and different. 
That we may have a more diſtinct 
Knowledge -of the Fabrick of the World, and 
that the © admirable Beauty of the Univerſe, 
and the harmonious Motions of the Bodies there- 
in contained, may be more eaſily underſtood, it 
will be requifite, that that Divine and Immenſe 
Fabrick ſhould not be obſerved from one Point or 
Corner only: But as in viewing of large Palaces,” we 
take the different Proſpects they afford from ſeveral 
Places; ſo here, to have a true and juſt Notion of 


the World, we muſt ſuppoſe it to be obſerved in 


different 
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different Situations and Diſtances, that by contem- Lecture 
plating the various Proſpects it gives us, and com- III. | 
paring them together, we may obtain at laſt a di. 
ſtint Knowledge of this immenſe Palace of God Al- 
mighty, and have an Idea or Image of it impreſſed on 
our Minds, which is worthy of its infinitely wiſe 
Architect. | | 

In order to underſtand therefore the Heavenly 
Bodies, their, Motions, and Appearances, which are 
called Phenomena, we muſt feign ourſelves not to 
be Inhabitants of this Earth, and fixed to one Ha- - 
bitation, but ſuppoſe we have the Power of Tra- 
velling every- where, through the immenſe Regions of “e may 
indefinite Space: And therefore we will ſometimes * 
take Poſſeſſion of ſome immoveable Place; from ourJelves 10 
thence we will transfer ourſelves to the Sun, to ob- 
ſerve the Regularity and Harmony of the Motions pgjzy., 
which are to be ſeen from thence ; afterwards we through all 
will take a Journey to ſome other of the Planets, that the Parts 
we may, from them, obſerve the apparent Motions ef the Uni- 
of the Heavens; nor will we cpnfine ourſelves within ver/e, and 
this Planetary Syſtem, but we will aſcend much higher 2</ig 
in the Heavens, and view the World from a Comet or/7" * = 


, 8 ar 
fix d Star. Page af 


Me, tho” from Heau'n remote, to Heav'n will move 
IWith Strength of Mind, and tread th Abyſs above: 
And penetrate, with an interior Light, | 
Thoſe upper Depths, which Nature hid from Sight. 
Pleas'd we will be to walk along the Sphere 
Of ſhining-Stars, and travel with the Year. 1 
To leave this heavy Earth, and ſcale the Height $2: 
Of Atlas, who ſupports the Heav' nly Weight - % 
To look from upper Lieht, and thence ſurvey | | 3 
Aliſialen Mortals wan#ring from the Way. | 


OV ID's Metamorphoſis, Book XV. 
C Now 


18 ASTRONOMICAL 

Lecture Now though our Bodies, by Reaſon of their 
III. Gravity towards the Earth, are detained, as it were, 
 _-, Prifoners in this earthly Manſion ; yet nothing hin- 
ders, but that, with our Mind and Imagination, 
we may wander through all the Heavenly Regions, 
and from them contemplate, with the Eyes of our 
Reaſon, the whole Syſtem of Nature. Nor do 1 fee 
how this Liberty of Imagination can be denied us, 
which was always allowed to the Aſtronomers of all 
Ages; for they, to obſerve the equal Motions of 
the Heavens, thruſt the Spectator down to the Cen- 
ter of the Earth, and ſuppoſed that the Heavens 
were viewed from thence, as from the Center of a 
cryſtal Globe. An Aſtronomer thinks it no great Con- 
ceſſion or Poſtulatum, that he can draw a Line from 
the Sun to the Center of the Earth; and from thence 
again to any Plane? or Star. He divides the Hea- 
vens with his Cireles, and marks out the Ways of 
the Planets ; and indeed without ſuch a Licence he 
could never have brought Alrauomy to any Degree of 

Perfection. 9 e NY | 
As therefore it was{ a Cuſtom among the A/{rs- 


25mers, to place the Eye in the Center of the Earth, 


to view from thence the apparent diurnal Revolu- 

tion of the Heavens; which would from thence be 

ſeen an equable Motion: We will, on the contrary, 

carry the Spectator to ſome immoveable Place in 

the Heavens ; that the real and abſolute Motions 

may be obſerved flom thence, as much as they can 

be, equable and uniform. For the Aſtronomers of 

all Seats do agree, that the Motions of the Planets 

are in themſelves ſimple, regular, and uniform: 

But when the Heavens are viewed from the Surface 

of the Earth, or even from its Center; the Planets 

Te Plancts ſeem to be carried by very unequal Motions, - and 
feen from not to obſeive any regular Courſe; and therefore 


the Earth, we may certainly conctude, that our Earth is not 
have unc- 


gual, and 
irregular 
Motionc. 


fore that would obſerve the real and proper Mo- 
tions of theſe Celeſtial Globes, muſt firſt __ 
| =o himſel 


* - 


placed in the Center of their Motions. He there- 


LECTURES. 19 
himſelf in the Center of the Sun, or in ſome Point Lecture 
or Space not far diſtant from it; and then let him III. 
confider what will be the Appearance or Phenomenahecuuy 
will behold from thence. 

AN p, firft, it is to be noted, that where ever The Spec- 
the Spectator reſides, he will ſtil! be in the Center of rater is al- 
his own View; for in an Indefinite Space, where ways in the 
there is nothing to bound our Proſpect, all Objects Center of 
that are at a great Diſtance from us, though they be H c 
at immenſe Diſtance from one another, -yet if they Arn 
appear in the fame right Line which paſſes through 
the Eye, will be ſeer,at the ſame Point of Space; 
and all Bodies will appear equally remote, when their 
Diſtances from us become ſo great, that the Eye 
cannot eſtimate or judge of them: And conſequently 
the Spectator will look upon them all as placed in 0 
the Surface of a Sphere, which has the Eye for its 
Center, and whoſe Surface is at an immenſe Di- 
ſtance, in which Surface all the heavenly Bodies will 
ſeem to perform their Motions. Thus, though the 
Moon he many Millions of Miles nearer to us than 
the Sun, and he again much nearer than the fixed 
Stars, yet all appear as placed in the ſame concave 
Surface of the Heavens: And even the Clouds, 
which are but a few Miles above us, would be judged 
to be as far diſtant as the M2 and Sun, it they 
did not ſometimes cover them and obſcure their 
Light. In' whatever Place therefore 'the Spectator 
relides, whether it be in the Earib, or the Sun, or in 
Saturn, the furthermoſt of the Planets, or even in a 
fixed Star, that Place will be looked upon by its In- 
habitants as the middle Point of the Univerſe, and 
the Center of the World; ſince it is the Center of that 
Spherical Surface in which all diſtant Bodies ſeem to 
be placed. 

A Spectator therefore living in the Sun, when The Pro- 
he looks towards the Heavens, will obſerye its Sur- /þe of the 
face to be ſpherical-concave, and concentrical to his Vorld 
Eye; in which Surface he will obſerve an innume en the 


.rable Multitude of Stare, which we call Fixed, Center of 


everywhere diſperſed throughout the whole. Hea- 5 Sun. 
=> O 2 yens, 


20 ASTRONOMICAL 
Lecture vens, which, like ſo many gilded Studs, witty a 
III. bright Luſtre adorn the Firmament. Theſe Star, 
we call Fixed, becauſe, as ſeen from the Earth, 
they preſerve the ſame immutable Poſitions and Di- 
ſtances from each other; and ſo from the Sun like- 
wiſe, they will appear always to retain the ſame 
Situations in reſpect of one another, nearly as they 
are obſerved to have when ſeen from the Earth. 
The in- For their Diſtance either from the Earth or Sun is 
menſe Di- ſo great, that the little Change of Place, (however 
Hance of great it be, when compared to our common Mea- 
the fixed ſures) which is made by bringing a Spectator from 
Stars from the Earth to the Sun, will ſcarcely make any Change 
the Sun. in the viſible Situation of the Stars. Nov, though the 
fixed Stars ſeen from the Earth do always preſerve 
the ſame Diſtances, Poſitions and Situations in re- 
ſpect of one another, yet in reſpect of the Eye we 
The Star; Obſerve them to change their Poſitions, and ſome- 
change times they ſeem to mount higher in the, Heavens, 
their Poi and to come more perpendicularly over us; then 
tion in re- they deſcend again, and appear to turn round in 
ſpe of the Circles, ſome in greater, ſome in leſs, about an Axis 
Header. which is the Axis of the Earth: And this Circum- 
volution of theirs is every Night to be obſerved from 
the Earth ; but whoever would view them from the 
Center of the Sun, would perceive them abſolutely 
immoveable, and always abiding in the ſame Place 
of the Firmament. Andthis Appearance will be the 
ſame, whether the Stars do really reſt in the ſame 
Place; or whether the Heavens, in which the Stars 
are placed together with the, Sun, revolved round the 
Axis of the Earth : For if there were really any ſuch 
Revolution of the Heavens, a Spectator in the Sun 
would have that Motion in common with the Stars ; 
and therefore he could be no more made ſenſible of 
it, than a Paſſenger in a Ship can obſerve by his Senſes 
the Courſe and Motion of the Ship. | 
BEes1DEs the innumerable Stars at Reſt, there 
are Six other ſhining Globes to be obſerved, which 
perform their Circulations round the Sun, in very 


different 
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LECTURES. 21 


different Periods of Time : And therefore, they muſt, Lecture 


have conſtantly variable Poſitions, and be always III. 
changing their Diſtances from one another, as well 
as from the quieſcent Stars. Theſe Globes or Stars 

are called Planets, which ſignifies Vanderens, and one 

of them is the Earth, the Place of our Abode. And 

even though we ſhould ſuppoſe the Earth to be at 

Reſt, and that the Sun did really move round it. in 

the Space of a Year, yet a Spectator in the Sun would 
obſerve, that the Earth turned round about him ; 

and would fee it deſcribe the fame Circle in the Hea- 
vens, that we in the Earth obſerve the Sun to perform. 

his Courſe in; as we ſhall afterwards demonſtrate. 

Trax Names and Characters, or Marks for the Te fx 
Planets are Saturn h, Jupiter u, Mars, &, the Planets, or 
Earth , Venus 2, Mercury 8. Theſe, Characters Wander- 
were invented by the A/?ronomers, as Abbreviations exs. | 
in Writing. The Planets do all turn the ſame 105 | 
as the Sun from the Ve to the Eft, in Orbits which The Pla- 
lie in Planes, which are not much inclined to one %% 7urn 
another, but nearly coinciding 7 So that the Planes . oe 
of theſe Orbits in the Heavens, being little inclined * 
to one another, make Angles with that Circle in gag. 
which the Earth is ſeen to turn round the Sun, but of 
a very few Degrees. As all Planes that are not pa- 
rallel, cut one another in right Lines; ſo the Planes 
of the Orbits in which the Planets move, cut one 
another in Lines that paſs through the Sun's Cen- 
ter; and therefore a Spectator there placed will be 
in the Plane of each Orbit, and will obſerve that 
the Planets moving in the concave Surface of the 
Heavens, perform their Motions in great Circles, 
which divide the Heavens into equal Portions. Now 
the Eye being, in this Situation, in the Planes of 
all the Planets Orbits, can never by that Means 
judge of their different Diſtances from the Sun; for 
from thence they will all ſeem to be at the ſame Di- 
ſtance from him: And therefore to obſerve their 
different Diſtances, .as well as Periods, it will be ne- 
ceſſary that our Spectator ſhould remove from the 

2a C 3 Sun 


22 ASTRONOMICAL 
Lecture Sun, and riſe above the Planes of all the Orbits, in a 
III. Line N pn to the Plane of the Earth's Orbit ; 
Lyn and, for Example's Sake, let us ſuppoſe him to riſe 
ſo high, as that his Diſtance from the Sun may equal 
the Earth's Diſtance from it, and let him there 
make his A/tronomical Obſervatory : From thence he 
will not only obſerve the ſame fixed Stars in the fame 
Poſition as before, but he will ſee both Sun and Pla- 
nets in the Heavens: The Sun indeed will appear like 
the fixed Stars, immoveable ; but the Planets will be 
ſeen to turn round in lefler Circles about him, at 
very different Diſtances, and in different Periods : 
They who finiſh their Circuits ſooneſt, are ſeen 
neareſt to the Sun, and the Circles they move in are 
the leaſt ; they who take a longer Time in revolving, 
deſcribe larger Circles, and are further removed from 
3 as is repreſented in Figure 1, Plate II. Where the 
Vie Fla. gun remains unmoved in the Center of all the Orbits; 
round about him fix Planets make their Revolutions, 
vis. Mercury, Venus, thee Earth, Murs, Jupiter, and 
. Saturn, all from the V to the Laſt, according to 
the Order of the Letters ABC D. Mercury is next 
Plate II. the Sun, and finiſhes his Courſe in three Months: 


nets. 


Period in eight Months: Beyond the Orb of Venus, 


the Space of a Year : Mars takes two Years to com- 

lete his Circulation: And Jupiter, ata much greater 
Di ance, does not finiſh his Revolation till aftex 
twelve Years: The furthermoſt and ſloweſt of all is 
Saturn, whoſe Orbit includes all the others, and 
requires not much leſs than thirty Years to complete 
his Courſe. 1 4 


orean great Pythagoras, and his Diſciples, who had learned 
Nen. it from the wile Men of the Eaſt, to whom, as ta 


Tis true, the other apparent Syſtem, which ſup- 


= 


the Sun; and the Order of the Planets will be ſuch 


F1g. 1, Venus, in an Orbit ſomewhat larger, performs her 


is that of the Earth, which revolves round the Sun im 


The anti- Tuts was the antient Syſtem of the World, 
* Pytha- which was at firſt introduced into Greece by the 


an Univerſity, they then all reſorted for Inſtruction. 
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poſes the Earth immoveable, and the Heavens to Lecture 


revolve about it, was received among the vulgar and 
illiterate Part of Mankind; yet the Philoſophers 
retained the true Syſtem, *till Arz/7ot/e, and the Phi- 
loſophers that came after him, degenerating from 
their Predeceſfors, and not being acquainted with 
true Philoſophy, embraced the common Syſtem of 
the Vulgar : So that the antient Syſtem was forgot, 
and not minded, *till the Time of Nicalaus Coper- 
nicus, Who again brought it to Life, and retrieved 
it from Oblivion, and eſtabliſhed it by ſolid Argu- 
ments and Reaſons : Whence this Syſtem is now 
called the Copernican Sy/kem. After the Invention of 
Teleſcopes, the Secundary Planets, with many new 
and unthought of Appearances, were obſerved in the 
Heavens by the Aſtronomers, which did wonderfully 
inlarge the antient Syſtem, and confirmed it with in- 
vincible Demonſtrations. 


Ir a Spectator ſhould with a Teleſcope more nearly 7% Pla- 
view the Planets, he will ſoon find, that they are , 4% o- 
ſpherical Bodies, and opake, like our Earth; having 
no proper Light ef their _ but that they ſhine' 5 a 


with the borrewed Light of the Sun; for that Side 
of them which is turned towards the Sun, is always 
illuminated: and it is by the reflected Light of the 
Sun, that they become viſible: But the Side oppo- 
ſite to the Sun, which the borrowed Rays cannot 
reach, remains dark and obſcure. And beſides this, 
as all opake Bodies do, the Planets caſt a Shadow 
behind them, which is always oppoſite to the Sun. 
The Line in the Planet's Body, which diſtinguiſhes 
the lucid Part from the obfcure, appears ſometimes 
right, ſometimes crooked: And it is ſometimes con- 
vex towards the ſplendid Part,. and concave on the 
obſcure ; ſometimes, on the contrary, it appears con- 
vex towards the obſcure Side, and concave towards 
the ſhining Face of the Planet, according to the diffe- 
rent Situation of the Eye in reſpect of the Planet, and 
of the Sun which illuſtrates the Planet ; which ditte- 
rent Poſition is likewiſe the Cauſe why ſometimes 

<3 C 4 we 


— — 


24 ASTRONOMICAL 


Lecture we ſee a greater, ſometimes a leſſer Portion of the 
III. illuminated Face; as it ought to be in ſpherical opake 
ws Bodies, which are expoſed to the bright Light of the 
un. 5 | 

The Secun- THREE of the Planets, viz. The Earth, Jupi- 
dary Pla- ter, and Saturn, have other leſſer Planets, which con- 
nets. tinually accompany them; theſe are called Secun- 
dary Planets, Moons or Concomitants ; for they con- 

ſtantly keep cloſe to their reſpective Primaries, and 

always attend upon them in their Circulation round 


the Sun; and in the mean Time cach of them per- 


forms his proper Revolution round his proper Primary. 
The Earth The Earth indeed has only the Moon to keep her 
is accom- Company, who never forſakes her in her annual 
paniedby Courſe round the Sun, and while the attends upon 
the Moon. us, ſhe performs proper Circulations of her @wn round 
the Earth, in the Space of a Month. 

Tram the Mom appears ſo large to us, and 
ſhines ſo brightly beyond all the Stars, and in Bigneſs 
ſeems to equal the Syn, is owing intirely to her Near- 
neſs to the Earth; for a Spectator in the Sun would 
ſcarcely be able to obſedve her without a Teleſcope ; 
and therefore, if ſhe wete as far removed from us as 
the Sun, ſhe would be fo ſmall, as ſcarcely to be viſi- 
ble by an Eye that is not aſſiſted by a Glass. 

Jupiter's Jur Ir ER has four Maons that attend him, which 

four at different Diſtances, and with different Periods, 

Moons. perform conſtant Circulations round him; that which 
is next to him, is no further removed than 23 of his 
own Diameters, and turns round in one Day, eigh- 
teen Hours and an Half. The ſecond, at the Diſtance 
of 41 Diameters, deſcribes its Orbit in the Space of 
three Days, and thirteen Hours. The third is re- 
moved from Jupiter, ſeven of his Diameters, and 
finiſhes his Circulation in ſeven Days, four Hours. 
The furthermoſt completes his Period in the Space 
of 16 Dayr, 16* Hours, at the Diſtance of 12 Dia- 
meters of Jupiter. | 
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Tusk Jovial Planets were firſt obſerved by that Lecture 
noble 7:alian Philoſopher Galileus, by the Help of the III. 
Teleſcope which he firſt invented; and by them he us 
incfeaſed the Number of the Celeſtial Bodies, and ei 
called them Medicean Stars, in Honour of the Dukes : 
of Tuſcany, with whoſe Name he dignified them. By 
the Benefit of theſe new-diſcovered Worlds, A/tro- 
namy and Geography have received many particular, Ad- 
vantages. 

SATURN performs his Courſe round the Sun Saturn 
with no leſs than five Attendants, though moſt of , vue 
them, by reaſon of their great Diſtance from the Sun, Moons. 
and the Smallneſs of their own Bodies, are not to be 
teen but by the Help of very long Teleſcopes : The 
acute Eyes of Mr. Caſſini, the French King's A/tre- 
nomer, were the firſt that reached all that have been 
already diſcovered ; and but of late they have been 
ſeen in Britain, by Means only of that Teleſcope 
whieh was given to the ROYAL SOC1ETYy bythe 
illuſtrious Mr. Hugens. The Diſtanoes of theſe Pla- 
nets from Saturn, and their Periodical Times, are 

as followeth : The neareſt completes his Revolution 
in one Day and g, and is diſtant from Saturn's Cen- 
ter 43 of his Semidiameters. The ſecond revolves 
about Saturn in 2 Days 17 Hours, and the Semidia- 
meter of his Orbit is 53 of the Semidiameters of Sa- 
turn. The third finiſhes his Revolution in 4 Days 
and 12 Hours, at the Diſtance of eight Semidiame- 
ters. The fourth completes his Period in 16 Days, 
and is diſtant from Saturn 18 of his Semidiameters. 
The fifth and outermoſt takes 79 4 Days to finiſh his 
Courſe, and is 54 Semidiameters of Saturn diſtant 
trom him. | 

BEe$S1DEs theſe Attendants, Saturn has an Orna- gaturn's 
ment peculiar to himſelt; for he is dignified with Rig. 

a Ring which ſurrounds his Middle, and does no- 
where touch his Body; but by an exact Libration 
and Equiponderancy of all its Parts, ſuſtains itſelf 
like an Arch; and being thus ſuſpended by Geometry, 
it is kept from falling upon his Body. The Dia- 
meter of this Ring is more than double of the Dia- 

meter 
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Lecture meter of Saturn; and though the Thickneſs of this 
IV. Ring on the convex or concave Side be but ſmall, 
way yer its Breadth or Depth is ſo great, that it takes 
up the Half of that Space which is between its out- 
ward Surface and the Body of Saturn, the reſt of 
Space remaining void: So that in proper Situations 
we can fee the Heavens between the Ring and the 
Body. For what Purpoſe this admirable. Ring was 
made we know not ; and, perhaps, we never may 
come to the Knowledge of it, ſince we find no- 
thing in Nature like it; but yet we cannot but ad- 
mire the Infinite Majeſty and Power of G O D, 
who, in this our Age, has diſcovered and thewed 
us new and unthought of Inſtances of his Great- 
nels, 


SODAS OERRR 
| LECTURE IV. 


In which is proved that the Syſtem Explained 
in the former Lecture, is the true Syſtem 


laſt Lecture, that we feigned and ima- 
=& gined our Spectator carried up into 
Heaven, and from thence to have ſeen 

with his Eyes the Motions, Situations, 
3 and Order of the Planets which we there explained. 
3 But this was only done in Imagination, and therefore 
4 | being nothing but a Fancy or Fiction, the Syſtem we 
have given upon that Suppoſition, will be likewiſe 
only a Fiction or Hypotheſis, and may not anſwer to 
the Reality of Things. Can there not, by the ſame 
Liberty of Fancy, any other Order of the Planets be 


from 


ſuppoled, and another Syſtem be given quite different 


— 
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from ours? Cannot we, relying upon our Senſes, Lecture 


place the Earth in an immoveable Poſition, and ſup- 
poſe the Sun and Planets, and all the Stars, to move 


round it, as our Eyes teſtify to us that they r 


And from ſuch Poſitions cannot we explain all the 
Appearances of their Motions ? 

I anſwer, that although we fanſied our Spectator 
raiſed up to the Heavens, and from thence to have 
looked upon the Sun and Planets, yet the Order, 
Motions, and Poſitions of the Planets, which would 
be ſeen upon that Suppoſition, and which we ex- 
7 in the preceding Lecture, is no Fancy, or 
iction of the Imagination, but is as real, certain, 
and indubitable, as if a Spectator were there, and 


ſaw it with his Eyes. A true Aſtronomer feigns , a. . 
nothing without ſolid and ſufficient Reaſons; hegrgnomy 
takes Nature for His Guide and Rule, and lays his ai of 
Foundations on Obſervations : He raiſes his SyſtemneFiions, 
upon Phyſical Cauſes, and invincible Geome:ricalor Hypo- 
Demonſtrations, with which, as with an indiffolvi- . 


ble Cement, he joins and bipds the whole Fabrick 
together. The Hypotheſes of Ptolemy and Tycho may 
truly be called Fictions; tor they have nothing in 
them but a bare Suppoſition, on which, without any 
Reaſon, they depend ; and they diſtort and diſorder 
the whole Frame of Nature. But the true Afrone- 
my is the moſt antient of all; for it was preſerved 
in the School of the Pythagoreans, to whom it was 
delivered by the firſt Aſtronomers, either Egyptians or 
Chaldeans + It has all its Parts fitly joined together 
ina moſt agreeable Harmony and Order; it leads 
us to the Knowledge of the Univerſe, and the won- 
derful Symmetry, Beauty, and regular Diſpoſition 
of all the Bodies that. compoſe it, I here is no- 
thing in Nature that does more thew the piercing 
Force of human Underſtanding, the Sublimity of irs 
Speculations, and deep Reſearches, than true A/tro- 
nimy. It raiſes our Minds above our Senſes; and 
even in Contradiction to them, ſhews us the true 
dyſtem of the World: The Faculty of Reaſon by 
a . | which 


* 
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Lecture which we have made theſe?great Diſcoveries in the 
Heavens, muſt needs be derived from Heaven, ſince 
no carthly Principle can attain ſo great a Perfection. 
And fince the Origination of our Minds is from 
Heaven, it may be expected, that they will endea- 
vour to return thither, and Heaven will become 
our final Habitation : We will here declare in few 

Words, ſome of the Ways by which the Mind 

| arrived to the Knowledge of theſe heavenly Diſ- 

1 coveries. 

A Demon- FIS 1, it is certain that where-ever the Sun be 
firation placed, the Orbit of Venus does ſurround him, and 
| 2 the includes him within itſelf; and therefore Venus, 
1 e while ſhe deſcribes this Orbit, does really turn round 
;he Sun, the Sun; for Venus has been obſerved to be above 
or beyond the Sun, ſometimes it has been ſeen be- 

low it, or between the Sun and us. That Venus aſ- 

cends above the Sun, is plain from hence, that when 

ſne is in Conjunction with the Sun, that is, when 
ſhe is ſeen from the Earth, near the ſame Part of 

the Heavens that the Sun is in, her lucid Face ap- 

pears in a full and round Figure: For ſince all the 

Planets borrow all the Light with which they ſhine, 

from the Sun, it is neceſſary that that Face of hers 
ſhould be lucid, which is towards the Sun, and that 

which is turned from him, be involved in Darkneſs ; 

' and therefore when ſhe ſhines with a full and round 

Face, that Side of her which is towards the Sun, 
is alſo towards the Earth; and therefore, at that 
Time, ſhe muſt be abgye the Sun; for in no other 
Pofition, could her illummated Face be towards the 
Earth, when ſhe is ſeen in Conjunction with the 
'1 Plate II. Sun. In the Figure, let 5 repreſent the Sun, F © 
Ss Fig.2. - Earth, and let Venus be in For V, where the 
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can be ſeen from the Earth, in the ſame Part of | 
Heaven that the Sun is ; and ſhe will appear to have 
a full and round ſhining Face; becauſe that Side of 

. her which is illuminated, and is towards the Sun, is 

3 likewiſe turned towards the Earth; and therefore the 
1 Place of Venus, in that Caſe, muſt neceſfarily be 
above the Sun. That Venus is alſo ſometimes os 8 


* 
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from hence ; that ſometimes, when ſhe is in Con- 


if ſhe is viſible, ſhe appears horned, and takes ex- 
actly the Shape of a new Moon: And therefore that 
Face of hers which is towards the Sun, either is 
wholly turned from the Earth as in G; or only a 


very ſmall Part of the iHuminated Face towards the 


Earth; and can be ſeen by its Inhabitants, as in H, 
in which Caſe ſhe afſumes a horned Figure, as the 
Moon does ; and, therefore at that Time, ſhe muſt 
of Neceſſity be placed between the Sun and us, and 
come lower or nearer to us, than the Sun is. Once 
Venus was ſeen within the Body or Diſk of the Sun; 
but there was but one Man who had the Happineſs 


to be Witneſs of the Sight, our Countryman Mr. 


Herrox, who in the Vear of Chriſt 1639, obſerved 
it with his Teleſcope to enter upon the Body of 
the Sun like a black Spot. This is a Sight which 
can ſeldom be obſerved; for it will not be ſeen a- 
gain in the Sun's Body, till the Year 1761, upon 
the 26th Day of the Month of May in the Morn- 
ing; at which Time all our Aferonomers will, no 
doubt, be buſy in making their Obſervations; for 
by them our Diſtance from the Sun can be nearly 
determined, which before that Time is not ęaſily to 
be aſcertained. Beſides this, Venus is always ob- 
ſer ved to keep near the Sun, and in the ſame Quar- 


ter of the Heavens that he is; for ſhe never recedes 


from him beyond a certain , Diſtance of about 45 
Degrees ; ſo that ſhe never comes in Oppoſition to 


the Sun, or to he ſeen in the Eat when he is in 


the Vet; nay, ſhe never attains or arrives at a Quar- 
tile Aſpect with him, or to have a fourth Part of the 
Heaven between her and him, which would neceſſa- 
rily happen, did ſhe peform her Period round the 
Earth either in a longer, or ſhorter Time, than the 


low the Sun, or between the Sun and us, is evident Lecture 


IV. 
junction with the Sun, ſhe either quite diſappears, or aus 


Sun does. The Ap- 


ArTER the ſame Manner Mercury always keeps”; 1 -Y 
himſelf in the Neighbourhood of the Sun, and 7 -þ 3s" 
never recedes from him ſo far as Venus does: He / of 8 


* 8 
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Lecturchides  bimſelf ſo much in the Splendor of the Sun's 
IV Rays, that he is but ſeldom ſeen by us on the Earth; 


but ſince the Invention of Teleſcopes, he has been 
frequently obſerved, when in Conjunction with the 


San, to paſs under his Difk like a black Spot, as 
Venus Was ſeen by Mr. Harrox : The exceeding Bright- 
neſs by which Alercuty outſhines all the Planets, does 
evidently prove him to be much nearer the Sun 
than any of the -reſt ; tor the nearer any Body is to 


the Sun, the greater is the Illuſtration it receiveth - 


from him. From all this it is evident, that Mercury 
does likewiſe go round the Sun in a leſſer Orbit, in- 
cluded within the Orbit of Yenus; which therefore 
muſt neceſſarily be his Place, for no other can bg/al- 
ſigned him. 
The Orbit Maxrs is not like Mercury and Venus; for he of- 
ef Mars ten comes in Oppoſition to the Sun, and appears to 
includes the riſe in the E, when the Sun ſets in the Vt; 
Sun <:ith-and therefore his Orbit includes the Earth within 
2 and jt, and not only the Earth, but it neceflarily in- 
2 cludes the Sun likewiſe; for Mars, when he is ſeen 
Fartn. near the Conjunction With the Sun, if he were be- 
tween the Sun and Earth, would either quite diſ- 
appear, or appear horned in the fame Shape that 
Venus and the Moon have in that Poſition ; but he 
always preſerves a full, round, and ſhining Face, 
except near his Qvadrat A/jped?, that is, when theie 
is about a fourth Part of the Heavens between the 
Sun and him ; then he is obſerved to be ſomewhat 
gibbous, like the Moon, three or four Days before 

or after the Full, | 


Plate II. Lr 8 reprefent the Sun, I' the Earth, and the 


Fig. 3z. Circle MNPR the Orbit of Mars; it is plain 
that Mars, in both M and P, muſt ſhine with a 
full Face upon the Inhabitants of the Earth, becauſe 


wards the Sun, and by it illuminated, is likewiſe 
towads the Earth: But in N and R, he will appear 
a little gibbous or deficient from Full.  Betides, 


Mars, when he is ſeen in Oppolſition to the Sun, 


Looks almeſt ſeven times larger, eg 


that in both theſe Poſitions his Face, which is to- 


e 


LECTURES. 5 7 : 
when he is near to a ConjunMion with nd and Lecture 


therefore he muſt needs be ſeven times nearer to IV. 
the Earth in the one Poſition than in the other. From | 
hence it is plain, that though the Earth lies within 

the Orbit of Mars, yet it is not near to the Center - 

of his Orbit: But Mars always keeps nearly at the 7% Earth 
ſame Diſtance from the Sun, and therefore it is evi- , 
dent, that it is not the-Earth, but the Sun, which iar 
Mars reſpects as the Center of his Motions : F n 
Mars ſeen from the Earth appears to move very une- i 
qually, ſometimes to go faſter, ſometimes ſlower ; 
ſometimes he ſcarcely ſeems to move at all, and fome- 

times he even goes with a backward Motion; whereas 

a Spectator in the Sun would always ſee Mars go 
forward in the fame uniform Tenor: And therefore 

it is moſt evident that the Sun is the Center, and 

not the Earth, of Mars's Motions. Again, fince the 

ſame Appearances are obſerved in Jupiter and Saturn, 

as in Mars, (though the Diſproportion or Difference 

of the Diſtances is not ſo great in Jupiter, as in Mars; 

nor ſo great in Saturn, as it is in Jupiter) and the The /ame 
Motions of theſe two Planets/ are no Ways uniform Ap. 
round the Earth; yet from the Sun their Motions % - 
will be ſeen to be regular and orderly : It is plain from Tn 
hence, that the Sun and not the Earth. is in the Cen- turn * 
ter of all the Orbits of the Planets. The Place of the .... . -;/ * 
Earth we have demonſtrated to be without the Or- ; 


— bits of Mercury and Venus, and within the Orbit of 


Mars; and therefore its Place muſt needs be between 

the Orbits of Venus and Hors : And from thence it 

follows, that the Earth itſelf muſt turn round the 

Sun; for if it ſtood ſtill, fince it Hes within the Or- 32 Earti: 

bits of the ſuperior Planets Mars, Fupiler, and Saturn, moves in 

we might indeed obſerve the Motions of thoſe Pla- an Orbit 

nets from the Earth, to be very unequal and irregu- 79x the 

lar; but they would never appear to ſtand ſtill, or to Sun. 

go backward, ſo long as the Orbits themſelves are qui- 

eſcent, as we demonſtrated in our firſt Lecture. 

Since therefore the Stations and Retrogradations of 

theſe Planets are obſerved from the Earth; and — + 
| ſince 
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Lecture ſince the Poſition of the Earth, or Place that it ob- 
IV. tains in the Syſtem, is in the Middle of the movea- 
A ble Bodies, having Mercury and Venus on one Side 
2 nearer to the Sun, and Mars, Fupiter, ng Saturn, 
on the other Side more remote ; it being of the ſame 
Nature as they are, muſt likewiſe have the ſame 
Sort of Motions ; and as the Earth is in the middle 
Place between Venus and Mars, ſo its Period like- 
wiſe, in which it performs its Courſe round the 
4 Sun, is alſo a Mean between the Periods of Venus and 
Mars, being greater than the one, and leſs than the 
other: For Venus deſcribes her Orbit in eight Months; 
the Earth in a Year ; but Mars takes near two Years 

to finiſh his Courſe. | 
4 Demon. THERE is another Demonſtration of the Earth's 
frration of Motion drawn from Phyſical Cauſes, for which we 
the 3 are indebted to the admirable Diſcoveries of the 
Motion. incomparable Sir IS AAC NEwTON: He has de- 
monſtrated, that all the Planets gravitate towards 
the Sun: And Obſervations teſtify to us, that either 
the Earth turns round the Sun, or the Sun round 
the Earth, in ſuch a Manner as that they deſeribe 


equal Area's in equal "Times. But Sir IS A a c has 


demonſtrated, that whenever Bodies turn round 
each other, and regulate their Motions by ſuch Law, 
the one muſt of Neceſſity .gravitate to the other; 
and therefore, if the Sun in its Motion does gra- 
vitate to the Earth, Action, and Re action being 
equal and contrary, the Earth muſt likewiſe gravi- 
ate to the Sun, He has likewiſe demonſtrated, that 
when two Bodies gravitate to one another, with- 
out directly approaching one another in right Lines, 
they muſt both of them turn round their common 
Center of Gravity. The Sun and Earth therefore 
do both turn round their common Center of Gra- 
vity. But the Sun is ſo great, a Body in reſpect of 
the Earth, which is but a Point, as it were, in com- 
pariſon of the Sun, that the Common Center of 
Gravity, of the Earth and Sun, muſt lie wah 
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the Body of the Sun itſelf, and not far from the Lecture 
Center of the Sun : The Earth therefore turns round IV. 


a Point which is within the Body of the Sun, and. 
therefore turns round the Sun. This Argument, 
drawn from Phyſical Cauſes, I take to be unan- 


ſwerable. 


Cour ARIN G the Periods of the Planets, or 
the Times they take to finiſh their Circulations, 
with their Diſtances from the Sun, we find they ob- 


* 


ſerve a wonderful Harmony and Proportion to one „ , _ 
another; for the nearer that any Planet is to the ful Harmo 
Sun, the ſooner does he finiſh his Circulation, and y eve 
his Motion is the quicker: And in this there is a raven 

conſtant and immutable Law, which all the Bodies he Periods 
of the Univerſe inviolably obſerve in their Circula- e Pla- 
tions; viz. That the Squares of their Periodical Times nets, and 
are as the Cubes of their Diſtances from the Center of their their Di- 


Orbits, about which they perform their Motions regularly I. 


The moſt ſagacious Kepler was the firſt who diſcoverech en 


Sun 


this great Law of Nature in all the Primary Planets; 
afterwards the Aſtronomers obſerved, that the Secon- 
dary Planets did likwiſe regulate/ their Motions by the 
ſame Law; and that in the two Syſtems of Bodies 
revolving about Jupiter and Saturn, this Rule is con- 
ſtantly obſerved, that the Squares of their Periodical 
Times |are as the Cubes of their Diſtances from their 
reſpective Primaries. Thus the Aeon or Satellite that 
is next to Jupiter, is diſtant from Fupiter's Center 


23 of 7 upiter's Diameters, and he performs his Pe- 


riod in 42 Hours. The outermoſt Satellite deſcribes 
his Orbit in 402 Hours. Say therefore, as 1764 the 
Square of 42, is to 161604, the Square of 402; fo 
is „3; the Cube of 28, to a fourth proportional 


Number, which, by the Golden Nule, will be found 


nearly 73%; out of which Number extract the 
Cube Root, and we have # or 12* for the Diſtance 
of the furthermoſt Satellite from Fnpiter. Now the 
Obſervations of all A/fronomers confirm, that this is 
the true Diſtance of that Satellite from the Center 
of Jupiter, and the fame A" is to be obſerved 

g in 


34 ASTRONOMICAL 
Lecture in all the reſt, as likewiſe in the Satellites of Saturn. 
TV, Tas Reaſon of this Law was unknown to Ne. 
"ny" pler, for he found it out only by Computation, com- 
| aring the Diftances of the Planets with their Pe- 
Sir Iſaac riods. But the Glory of inveſtigating from its pro- 
Newton per Cauſe, and demonſtrating the Phyſical Nee 
f/f diſco- of this Law, was reſerved for the Great Sir I8aac 
wered the NawTox, who has demonſtrated, that without a 
Reaſon and total Subverſion of the Laws of Nature, no other Rule 


Cau . 
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22 Srnex therefore all Afronomers do unan 
agree, that the Law we have above explained, is 


conſtantly obſerved by 14 great Bodies, of which 


there are more than one that turn round a com- 
mon Center, viz. five Primary Planets and nine 
Secondaries : And fince the Moon turns round the 
Earth, if the Sun did likewiſe perform his Circuits 
round it, according to this Law of Nature, the 
| Moon and Sus ought to regulate their Motions in 
the ſame Manner; and therefore ſince the Mor 
finiſhes her Courſe _— Days, and the Sun in 365, 
and the Diſtance of the Aoon is known to be * 
60 Semidiameters of the Earth, if we ſay, as 729 
the Square of 27 is to 133225 the Square of 365, fo 

- 216000 the Cube of 8 — which will be 
1, the Cube Root thereof being 340, ought 

2 ih — the Diſtance of the Sun from the Earth, 
provided he governed his Motion by the ſame Law 
that all other Bodies do. Now the Aſtronomers prove, 
by invincible Reaſons, that the Sun is more than 30 
times further from the Earth than 340 Semidiameters 
of the Earth; for it cannot well be ſuppoſed ſo little 
as 10000 Semidiameters: According to which Di- 
ſtance it could not turn round the Earth in leſs than 
164 Years, if it obſerved the ſame Law which all 
other Bodies do. 8 i 
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No w it is certain that the Sun does either turn Lecture 
round the Eartb. or the Earth round the dun, once IV. 
in a Year. But if the Sun ſhould be made d dun — 
round the Earth, the univerſal Law of Nature 7 /he Sun 
would thereby be violated, the Harmony and Pro- ura 
portion of the Motions deſty „and a Contufion roand the 
and Diſorder introduced into the Frame of the Uni- Earth, h 
verſe. But if the Earth be made to go ound the Harmon. 
Sun in the Space of a Year, it will then perform its <<! Rule 
Circulation according to the ſame Law which the u mr. 


other Planets obſerve ; and without the leaſt Excep- 1,” 
tion there will be a moſt beautiful Order and Har- 
mony of Motions every-where preſerved through the 
whole Frame of Nature. | | 

As we diſcover the mutual Relations and Like- Ye Sun 
neſs of Nature that is in the Planets, in that they and fixed 
are like our Earth, Opake, Spherical Bodies, which Stars are 
are illuſtrated and ſhine with the borrowed: Light Sodie: of 
of the Sun, round whom they all circulate, as we *** ame 
have faid, with a regular Harmony and Order: So Mature. 
likewiſe the Sun, and all the fired Stars which ſhine 
with their own native Light, remain immove- 
able in their Places, are to be conſidered as Bodies 
of th e ſame Kind and Nature. The Reafon why 
our Sun 1 us ſo great and bright in com- 
pariſon of the Stars, whoſe weaker Light diſap- 
pear as ſoon as the Sus begins with his Beams to 
r&reſh and illuſtrate our Habitation, is, that the 
Earth, at an immenſe Diſtance from all the reſt of the 
Stars, keeps near to the Sun, round whom: ſhe always 
circulates ; for a Spectator placed as near any of them 
as we are to our Sun, would fee a Body as big and 
bright as the Sun appears to us, and every Way like 
our Sun. A Spectator as far diſtant from our Sun as 
the fixed Stars are from us, would obſerve our Sun as 
ſmall as a Star, and, no doubt, would reckon the 
Sun as one of them in numbering the 8:ar5, All the 
fixed Stars therefore are. Sum, and the Sun differs in 
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Lecture ALTHOUGH the Earth is at ſuch a Diſtance from 


IV. the Sus, that if it were to be ſeen from his Body, it 
n Would ar no bigger than a Point; yet that Di- 
ſtance is ſo very ſmall in Compariſon of the exceed- 
The Di- ing great Diſtance of the neareſt fired Star, that if the 


flance of whote Orbit, in which we have ſaid the Earth moves 


the fixed round the Sn, were ſeen from à Star, it would ap- 
Stars from eat likewiſe no bigger than a Point. For the Angle 
the Sun is under which the whole Diameter of the Earth's Gr 
immenſely pit appears, is ſo very ſmall, that our quickeſt and 


2 moſt ſharp - ſighted Aſtronomers can ſcarcely obſerve 


of th it. They who have been 'moſt diligent in ob- 
= ſerving this Angle, (which they call the Parallax of 
the great Orbit, that is, of the Orbit in which the 
Harth moves) have always found it to be leſs than 

a Minute; and therefore the fixed Stars muſt be at 
leaſt ' ro000 times further from us, than we are from 

the Sun. e oft Of wht bog bee d Th 
Hg Nc it follows, that though the Earth ap- 

© proaches nearer to ſome fixed Stars at one Time of 
the ' Year, than it does at the oppoſite Time, and 
that by the whole Inter l of the Diameter of its Or- 
bit, the Stars will not upon that Account ſeem bigger 
when it is neareſt to them, nor will the viſtble Poſi- 
tion of any two Stars be ſenſibly changed by the Mo- 
tion of the Farih. For even here on Earth, if there 

be two Towers that are near to one another, if they 

are to be ſeen by a Spectator who is ten Miles diſtant 
from each, if this Spectator approach nearer to them. 
only by one Pace, which is the ten thouſandth Part 

of the Diſtance, he only approaching by ſo ſmall a 


their Diſtance from one another greater. After the 
ſame Manner the Earth approaching a fixed Star, ind 
coming nearer to it by the ten thouſandth Part of the 


Earth, upon the Account of ſo ſmall a Change of 
either of the Magnitude or Poſition of the Sar. 


Space, can no Ways perceive the Towers bigger, or 


Diſtance between the Earih and it, a Spectator. on che 
Place will not find thereby any ſenſible Difference 
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" Hence it follows, that if the Sun were as far di- Lecture 
ſtant from us as the Stars are, that is 10000 Semedi- IV. 
ameters of the Earth's Orbit, it would appear 10000 Cay 
times leſs, or under a imaller Angle than it does 
now. Now the Angle under which the Sun appears 
to us, is about half a Degree or 30 Minutes; if the 
Sun were removed as far from us as the fixed Stars are, The Angle 
he would be ſeen under an Angle of but the thouſandth ander 
Part of the three Minutes; that is, under an Angle zwi tb 
no bigger than ten Thirds, which is altogether imper- Sun would 
ceptible ; and no bigger would the Angle be under pear. cen 
which a Spectator placed among the fixed Stars would em fx- 
obſerve the Sus. 6h, ed Star. 

AGAINST this Poſition of ours ſome may ob- 04jeaion 


Jet, that if the Diſtance of the Stars be ſo great, 


they themſelves muſt be vaſtly larger than our Sun; 
for they cannot, according to them, be tlefs than a 
Sphere, whole Semidiameter equals the Diſtance be- 
eween the Sun and us; for they aſſert, that the Stars, 
at leaſt thoſe of the firſt Magnitude, are ſeen under 
an Angle at leaſt of one Mingte: But the Orbit of 
the Earth ſeen from the fixed Far, does not ſubtend 
a greater Angle; and therefore the Diameter of the 
Stars is not leſs than the Diameter of the Earth's 
Orbit. Now that Sphere whoſe Semidiameter equals 
the Diſtance between the Sun and Earth, is a 
Million of times greater than the Sun; conſe- 
quentſy the fixed Stars muſt be at leaſt a Million of 
times greater than our Sun: Since therefore there is 
ſuch enormous Difference in their Bigneſs, it cannot 
be ſuppoſed that the Sun and fixed Stars are Bodies of 
the lame King. * 

Bu T they who aſcribe ſuch immenſe Magni- 2. 5... 
tude to the F oy Stars, are much deceived in their Stars avs 
Meaſures; for their apparent Diameters are not x, ah 
near ſo great as they ſuppoſe them to be: For really rent Dia- 
theſe Diameters are fo extremely ſmall, that if they meters, but 
be rightly obſerved, they appear like ſo many ſhi- last lite 
ning Points without an Preadth or Diameter at all; Paint; 
and there can be no Obſervations nice enough, b 
| D 3 whi 
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Lecture which the Minuteneſs of their Diameters can be 


IV; 


ewhich ts 
demonſtra- 
ted by the 
Teleſcope. 


meaſured, or reduced to any determined Quan» 
tity, We obſerve about all-flaming and ſhining Bo- 
dies in the Night, a kind of Irradiation or luminous 
ppearance, by which their Diameters are ſeen a 
dred or many more times bigger than they are 
as it is plain by the Experiment of a Candle — 
at a great Diſtance, whoſe Flame ſeems to be much 
larger than it is when we come near it. This Irra- 
diation is much diminiſhed, if they are looked at 
through a ſmall Hole made with a Pin in Paper ; 
but is eaſier and more nicely taken away, when t 
are ſeen through a Teleſcope, which deſtroys the 
yentitious Rays, and ſhews us the fixed Stars as 
many lucid Points. Now though Teleſcopes do 
increale the Diameters of Bodies very much, yet 
the fixed Stars ſeen through them appear ſtill ſo ſmall 
that we have no Meaſure of any determincd. Mag- 
nitude, but what is greater than theirs ſeem to be; 
a Teleſcope Magnifying a hundred times, ſhews them 
only like ſhining Poipts; and therefore I cannot but 
wonder why KRicvlFE ſhould ſuppoſe the apparent 
Diameter of the Dag- Star or Sirius to be 18 Seconds; 
for if that were the Angle he ſubtended to the 
naked Eye, a Teleſcope which magnifies 200 times, 
would ſhew that Star under an Angle of 3600 Se- 
conds or one Degree, ſo that he would appear to 
have a Diſk four times greater than the Sun and 
Atcon have. And yet Obſervation teſtifies, that 
ſuch a Teleſcope ſhews us Sirius no bigger than a 
Point, at leaſt not larger than the Planet Mars: 
But Mars when he is neareſt us and biggeſt, ſnb- 
tends an Angle of about 3o Seconds ; therefore, if 
the Diameter of Sirius 2 200 times is but 
30 Seconds, its apparent Diameter without mag- 
nifying will be the 200th Pait of 30 Seconds, or 


56 of a Second, that is nine thiid Scruples or Mi- 


nutes, or nearly equal to the Sun when it is ſeen at 
the Diſtance of the fixed Stars, as we ſhewed be- 


fore: The Sun therefore and Sirius are nearly SP 
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the ſame Magnitude and Dimenſions, and be Lecture 
eſteemed Bodies of the ſame Kind, NY IV * 

Since the Stars appear fo ſmall, and ſub-, © * 
tend at the Eye ſuch unperceivable Angles, ſome * 
will wonder how they come to be at all ſeen, ſince 
there are Bodies which would ſhew themſelves under 
larger Angles, that are yet ſo ſmall as not to be 2 
looked at without a Microſcope : But all flaming 
and fiery Bodies can be ſeen at great Diſtances, 
even at ſuch from whence other Bodies, which 
have as large apparent Diameters, do quite diſap- 
pear, and become inviſible. Thus the Flame of a 
Candle in the Night-time is eafily perceived at the 
Diſtance of two Miles, whereas in the Day-time 
an opake Object, though ſtrongly ilkaftrated by the 
Sun, and fix times bigger than the Flame of a Can- 
dle, is not to be obſerved with the naked Eye at 
that Diſtance. For the native Light that theſe fiery 
and flaming Bodies fend forth, is ſtronger and more 
piercing, and acts upon the nervous Fibres of the 
Retina with a greater Force, than the Light re- 
fected from opake Objects Mor all Light is much 
weakened by Reflection. And it is upon the Ac- 
count of this brick and ſtrong Light which flows 
from fiery Bodies, and which makes ſo ſenſible Im- 
preſſions on the Ratina, that ſuch Bodies are judged 
to be ſo big in Compariſon of others which affect us 
with a weaker Light. | 

Hence it is evident, that all theſe Stars which De fixed 
remain immoveable in the Heavens, are Bodies of — 22 
a fiery Nature, as our Sum is, nor are they much — 
leſs, nor much bigger than he is, and therefore are % 
to be eſteemed as ſo many Suns. It is not to be 
imagined, that all theſe Suns are planted in one con- 


cave Surface of a Sphere, fo as to be all equally 

diſtant from us; but it is more reaſonable to ſuppoie 

that they are ſpread every where through the vaſt in- 

definite Space of the Univerſe, and that they are at 5 gxed 

great Diſtances from one another; fo that there Stars are 

may be as great —— any two — 
| 4 
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Lecture that are next to one another, as there is between our 
IV. Sun and the neareſt fred Star. Hence a Spectator who 
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is near any one Sun, will only look upon him to whom 


ſider as ſo many ſmall ſhining Stars fixed in his Hea- 
ven or Firmament. 


IT is no Ways probable, that Gop Almighty, who 


always acts with infinite Wiſdom, and does nothing 
in vain, ſhould create ſo many Sun, and place 


them alone in indefinite Space, at ſuch great Di- 


ſtances from each other, and not have made other 
Bodies, which he has placed near them, to be nou- 
riſhed, animated, and refreſhed with the Heat and 
Light of theſe Suns: Thoſe who affirm, that Gon 
created theſe great Bodies only to give us a ſmall 
dim Light, muſt have a very mean Opinion of the 
Divine Wiſdom. It is more reaſonable to ſuppoſe, 
that every Sun is ſurrounded with a Company of 
Planets peculiar to himſelf, which in different Pe- 
riods, and at different Diſtances, perform their Cir- 
culations round their proper San; and who knows 
but that ſome of them: Planet, may have Moons, 
and other Bodies, to attend them in tbeir Circula- 
tions ? 

HE NOE we may frame to ourſelves an admira- 
ble magnificent Idea or Notion of the Vaſtneſs or 
Amplitude of the World, by imagining an igdefi- 
nitely great Space of the Univerſe, in which there 


are placed innumerable Suns, which, though they ap- 


pear to us like ſo many ſmall Stars, yet are Bodies 


which are not behind our Sun either in Bigneſs, 
Light, or Glory ; and each of them conſtantly at- 
tended with a Number of Planets, which dance 
round him, and conſtitute ſo many particular Worlds 
or Syſtems : Every Sun doing the ſame Office to his 
proper Planets in illuſtrating, warming, and cheriſh- 


ing them, that our Sun performs in the- Syſtem to 


Which we belong. 
HEN CE we are to confider the whole Univerſe 


as a glorious Palace for an infmitely Great and every 


he is neareſt as a real Sun, and the reſt he will con- 


of 


a 


| FFF . 
where preſent Gop ; and that all the Yori; or Lecture 
Syſtem of 2 1 Me. N Theatres, in V. 
which he diſplays his divine Power, Wiſdom and 
Goodneſs. 8 Foe 
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LECTURE: V. 


Of the Solar Spots. Of the Rotation of the 
Sun and Plinets round their Axes : And of 
the fixed Stars, 1 | 


epo the Account of the great Di- Tze Con- 

= ſtance of the Syn from us, the Con- vexicy of 
vexity of his Body cannot be perceived*** Sun 
dy our Sight; nor is this a Wonder, ©"4 woot 
&» 9&9 & fince the Moon, which is much nearer, ms. + | 
to us, cannot be ſeen as a glokyylar Body: But both — 
Sun and Moon ſhew themſelves to us, as if they were Fer. 
circular Planes, which we call Diſks: And a Point 

in the Middle, which is really in the Surface, is ſaid 
to be the Center, or the Apparent Center of the Diſk. 

I x the Sun through all its Parts were every-where 

equally bright, and ſhined with the ſame Luſtre, he 

might turn round his own Axis, and that Rotation 

no Ways be perceptible, not to be diſcovered by our 

Senſes. But ſince in the moſt clear and lucid Body 

of the Sun, and in its pureſt Flame, many black 

Spots have ſeveral times been obſerved, it is by their 

Motion that we diſcover the Rotation of the Sun Hare 
round its Axis For theſe Spots have been oblerved,, ;b:Sun's 
to have firſt appeared near the Margin of the Sun, Bogy. 
and then by Degrees to have crept towards the Mid- 

dle, or Center of his Diſk ; and from thence going 
fill forward, have arrived at the oppoſite Side or 
Edge of the Diſk, where they have et or 2 
. ed; 


EF 
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ed; and ſome of them after ſetting, being hid or ab- 
v. ſconded in the oppoſite Side of the Sun for the Space 
ok about fourteen Days, have again appeared in the 


———— Margin, and ſhewed themſelves, taking the ſame 


Plate II. Courſe as before. Let the Circle AG HD repre- 
Fig. 4. ſent the Sur's Diſk ; we often obſerve ſome denſe and 
obſcure Subſtances, like our thick and terreſtrial 
Clouds, to appear in the Limb or Edge at A, which 
by Degrees move towards B, and at laſt arrive at the 
Middle of the Diſk ; after which, till going forward, 
they ſhew themſelves in the oppoſite Point of the Cir- 
cumference at D; where after a little Stay, they at 
laſt vaniſh and diſappear. 

8 SOME of theſe Spots have been obſerved to riſe in 
riſe * the Limb, and having traverſed the Diſk, and ſet, 
ſet, and in after the Space of twenty-ſeven Days, have again 
27 Days been ſeen to riſe where they firſt appeared; and the 
are ſeen a- Time they take to move through the Surface of the 
gainwhere dun oppoſite to us, during which Time they are in- 
they firft viſible, is juſt and equal to the Time in which they 
appeared. paſs aver the viſible Niſk. The Motion of theie 
| Spots in the Margin, yet A ar at D, appears to be 
flow ; when they come towards the Middle they 
ſeem to move quicker, and to deſcribe larger Spaces: 
Their Figures likewiſe change; for in the Limb 
they are ſeen more contracted and narrow, near the 
The Sun Center they look broader and larger ; theſe Appear- 
turnt round ànces exactly anſwer to the Motion of ſome denſe 
his Axis, and dark Bodies, which ſwim upon the Surface of the 
Sun, and are whirled by the vertiginous Motion of 

the Sun round his Axis. | 
Some have imagined, that theſe Spots do not ſtick 
upon the Body of the Sun, but that they are at 
ſome Diſtance from him, and that they perform 
their Circulations round the Sun in the ſame Man- 
ner as Fupiter's Satellites circulate round Jupiter. 
But ſuch are eaſily refuted; for if the Spots were 
not on the Body of the Sun, but made their Circuits 
at a Diſtance from him, they could not be ſeen half 
the Time of their Period in the Body of the 75 
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for ſuppoſe the Sun in A be ſeen from the Earth at Lecture 
B, under the Angle of 30 Minutes: If the Spot V. 
were not on the Sun's Body, but deſcribed the — 
cle F E G at ſome Diſtance from him; it could not plate II. 
be obſerved to paſs under the Jux, till it came to Fig. 5. 
E, where the right Line B D, touching the Diſk, 
does cut the Orbit; and if we draw another Tan- 
gent to the Diſk B G C, it would only be ſeen on The Spots 
the Surface of the Sun, while it deſcribed the Arch 27 the 
E G, which is much leſs than half the Periphery, and * of 
is deſcribed in much leſs Time than half the Period“, 
in which the Spot performs its Circuit. Now we. 
know by Obſervation, that thoſe Spots which finiſh 
an entire Circulation, (for ſome of them have been 
obſerved to make four or five complete Revolutions 
before they were diffolved, each of which was, 2 
Days) have taken 13 4 Days from the Time of their 
appearing, or riſing on the Eaſtern Limb, to their 
Setting on the H/eftern : And therefore, ſince the 
Spots are ſeen for half the Time of their Period u 
the Body of the Sun, it is plain their Orbits muſt lie 
on the Sun's Surface. * 5 

Max x Spots ſeem to be generated in the very Spots gene- 
Middle of the Diſk, where they firſt begin to appear: 74!*d inthe 
Others again ſeem to be diſſolved, and to vaniſh Body Av; 
there; ſometimes ſeveral ſmall ones gather together un. 
and make a large Spot; and ſometimes a large Spot e 2 
is ſeen to be divided, and cut into many leſſer ones. % . 
The great Italian Philoſopher Galileus firſt diſcovered y;/rpared. 
them with his Teleſcope. Afterwards Scheinerus did 
more accurately obſerve them, who has publiſhed a 25 
large Volume about them. When he obſerved them, 9 
there were then 50 viſible in the dun: From the Year 
1650 to the Year 1670, there were rarely ſeen above 
one or two together; fiom that Time again many 
have been obſerved together; nor does their ſeem to 7, Sun 
be any certain Period of Time, or Law for their ap- has /ame- 
pearing, and Vaniſhing or Difſolution. times af» 
- HiSTGRIANS tell us, that the Sun has been ob-; peared pale 
ſexved for 'a whole Year to have appeared pale, /er 4 Tear 
without that Luſtre and Brightneſs it ulually gives 


and 
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Lecture and that it hath not imparted its Heat and Light 


with the ſame Force and Vigour that it ordinarily 


V. 

=. does. It is probable, that this Weakneſs of Light 
did ariſe from a great Multitude of Spots which 
at that Lime did beſet the Sun, and covered a large 
Portion of his Surface : For now we frequently ob- 
ſerve Spots which are larger or broader, not only 
than Europe or Africt, but what even equal, if they 
do not exceed, the Surface of the whole Terraqueous 

Globe. | 
TAE Motion of the Spots is from the Y/ 
to the Ea, and by obſerving the Sun nicely, we 
find that its Axis is not perpendicular to the Plane 
| of the Earth's Orbit, which is called the Plane of 
The Axis the Euplick But it is inclined, fo as to make an 
of the Sun Angle with the Axis of the Orbit, or with a Per- 
es inclined pendicular to the Plane of the Orbit which paſles 
ro the through the Center of the Sun, which Angle is in 
Plane of Quantity about ſeven Degrees : And therefore the 
the Eclip- Aquator of the Sun, that is to ſay, the Circle 
tick. which is in the Middle between the two Poles, cuts 
the Plane of the Or in a right Line, which Line 


produced will interſect the Orbit in two Points; 


and whenever the Earth comes to theſe two Inter- 
ſections, the Tracts which the Spots deſcribe will 
appear as right Lines, ſince the Eye of the Specta- 
tor is in the Plane of their Motion: But in all 
other Poſitions of the Earth, the Planè of the Sun's 
Aquator is either above or below the Eye of the 
Spectator, and the Lines in which the Spots are 
ſeen to move, appear crooked and ſeem to be El- 

lip/es. 8 | 
Sog the moſt bright Body of the Sun is 
not without its Spots and Blemithes, we are not 
| to imagine that the Planets are clear, and without 
The Pla- their Stains and Marks. Jupiter, Mars and Venus, 
nets lie- when looked at through a Teleſcope, have ſeveral 
wiſe havevery remarkable ones ; and it is by their Motions, 
Szcts that we conclude the Rotation of the Planers round 
their Axes, after the ſame Manner, and by the ſame 
Argument, that we proved the Rotation of = 
* 
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Sun. The Body of Venus performs its Revolution Lecture 
round its Axis in the Space of 23 Hours. Mars fi- V. 
niſhes his Rotation in 24 Hours and 40 Minutes. 
The Earth in a Day, which we collect from the ap- 7s turn 
—＋ Revolution of the Heavens, and of all the -ouzd their 
tars round it in that Time. All theſe Bodies im Axes. 
their Rotations go the ſame Way from the Ve to 
the oi: dt on 5d Hag 2 16d bote 

Juriren, beſides Abundance of Spots, has ſome ſupiter' 
Bands or Girdles which ſurround him; they are Bells. 
parallel to one another, but they neither preſerve 

the ſame Magnitude nor Diſtance but ſometimes 

they increaſe, ſometimes they diminiſn their Brea 
ſometimes they approach each other, eee they 
recede from one another, and undergo” ſevera 
Changes. in the Year 1665, M. Caſſini diſcovered 

a very large Spot in Jupiters Diſk, which he ob- 

ſerved continually for the Space of two. Vears, and 
determined accurately its Figure and Pofition in re- 

ſpect to his Girdles; but this Spot vaniſhed in the 23. 
Year 1677, and was not again ſeen till the Year Changes he 
1679: Atterwards for the ce of almoſt three ander goes. 
Years, it continually ſhewed uſelf, and then by 
Degrees withdrew itſelf from our Sight, and has fince 

ſeveral times ꝓppeared and diſappeared. In a Word, 

from the Year 1665, when it was firſt obſerved, to the 

Year 1708, it has eight times appeared and vaniſhed. 

By its Revolutions we conelude, that the Body of 

Fapito moves round his - Axis in the Compaſs of 9 

ours and 56 Minutes. 

IT is probable that our Fartb enjoys a more 

conſtant and ſettled State and Condition than Ju- 

piter ; for we obſerve greater Changes in his Surface, 

than what would happen to the Earth, if the 

Ocean ſhould leave its Place, and overwhelm the 

Land, and give us a new Place, and a new Figure 

of the Sea, by changing the Places of Land and 

Water. But this is upon Suppoſition that theſe 

”_ are inherent in the Body of Jupiter. But 

if they are only Clouds and vapours ſwimming 

in his Atmoſphere, then indeed the Inhabitants of 
TAUTIAL | Fupiter 
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Lecture Jupiter would have a more conſtant and permanent 

State of Weather, than what any Part of the Earth 

oe: T leave it to che Philoſophers to determine which 

.. Y * of theſe two Opinions is the moſt probable. 

Kd  IIMzzxtvay does always keep ſo near the Sun, 

with ſo great a ſhining Luſtre in all its Parts; and 

the Heaven, while he is ſeen, is ſo much illami- 

nated, that there can be no Obſervations made to 

duiſcover his Spots. And Saturn is fo much further 

removed from us, more than the other Planets, that 

his Spots are not to be diſcerned: Vet it is proba- 

1 ble that they, as well as the other Planets, have 

each a Rotation round an Axis, that all the Parts 

of their Surfaces may frequently have imparted to 

them the Light and cherifhing Heat of the Sur, and 

may again be withdrawn from him, to receive ſuch 

Changes as are proper and convenient for the Nature 
of each Planet. ' 4 sum 


ad 
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LECTURE VI. 
Of the Magnitude and Order of ibe fixed 
Stars. Of the Conſtellations, Catalogues 


of the Stars, and the Changes to wht 
. they are liable. 8 


HE ed Stars appear to be of different 
Bigneſſes, not becauſe they really are ſo, 
but becauſe they are not all equally di- 
ant from us. Thoſe that are neareſt 
will excel in Luſtre and Bigneſs; the 
more remote Stars will give a fainter Light, and 
appear fmaller to the Eye. Hence arife the Di- 
ſtribution of Stars, according, to their Order and 
Dignity, into Claſſes ; the 


laſs containing thoſe The Di- 


which are neareſt to us, are called Stars of the/tin&ion of 
firſt Magnitude ; thoſe that ate next to them areStzrs ac- 
Stars of the ſecond Magnitude : The third Claſscerding re 


comprehends them of the third Magnitude, and fo* 


nitude, which comprehefid the ſmalleſt Stars that 
can be 'diſcerned with the bare Eye. For all the 
other Sturs, which are only ſeen by the Help of a 
Teleſcope, and which are called 'Telefcopical, are 


not reckoned among theſe ſix Orders: Although 


the Diſtinction of Stars into fix Degrees of Mag- 


nitude is commonly received by Afironomers; yet 


we are not to judge, that every particular Star is 
exactly to be ranked according to a certain Bigneſs, 
which is one of the Six; hut rather in reality there 
are almoſt as many Orders of Stars, as there are 
Stars, few of them being exactly of the ſame Big-- 


| neſs and Luſtre, And even among thoſe Stars 


which 


heir Mag- 
forth, till we come to the Stats of the fixth Mag- 
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Lecture which are reckoned of the brighteſt Claſs, there ap- 
VI. pears a Variety of Magnitude; for Sirius or Aru- 
— are each of them brighter than Aldebaran or the 
Bulls Eye, or even than the Star in Spica; and 
yet all theſe S/ars are reckoned among the Stars 
of the firſt Order: And there are ſome Stars of ſuch 
an intermedia] Order, that the Aronomers have 
differed in * them; ſome putting the ſame 
Stars in one Claſs, ers in another. For Ex- 


the Stars of the ſecond Magnitude, which Prolemy 
reckoned among the Stars of the firſt Claſs: And 
therefore it is not truly either of the firſt or ſecond 
Order, but ought to be ranked in a Place between 


„ 


ASTRONOMERS not only mark out the Stars, 
but that they may better bring them into. Order, 
they diſtinguiſh them by their Situation and Poſi- 

| tion in reſpect to each other; and therefore they 
The Con- diſtribute and divide them into 4/teri/ms., or Con- 
ſtellations. /el/ations, allowing ſeveral Stars to make up one 
Conflellation. A Conflellgtion is a Syſtem of ſeveral 

Start that are ſeen in the Heavens near to one an- 
other: And for the better diſtinguiſhing and ob- 

ſerving them, they reduce the Con/izliations to the 

Forms of certain Animals, as Man, Bulls, and 

| Bears, &. or to the Image of ſome Things known, 

as of a Croton, a Harp, a Balance, &c. The Antients. 

took theſe Figures from the Fables of their Religion: 

And the modern Afronbmers do ſtill retain them, 

that they, may avoid the Confuſion which would 

ariſe by making new. ones, which would much per- 

plex them, when they compared the modern Obſer-, 

vations with the old ones. 


: 


tiguity. Figures is of great Antiquity, and ſeems to be as 
old as A/tronomy or Philoſophy itſelf ; For in the moſt 
antient Book of Job, Orion, Ariurus, and the 
Pleiades are mentioned; and we meet with the 
Names of many of the Conſtellations in the * 

| 0 


ample: The little Dog was by Tycho placed among 


Their An- T HE Diviſion of the Star; by Images and - 
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of the firſt Poets, Homer and Heſiod. For it was Lecture 
neceſſary for the Advancement of Aſtronomy ſo to VI. 
8 the Stars, and to bring them into dome 

Since the Diſtance of the Stars is immenſely 2e /ame 
great, it is no Matter in what Place of our Syſtem Face of the 
the Obſerver reſides, whether in the Sus, in the Starry Fir- 
Earth, or even in Saturn, the outmoſt of all the mament zs 
Planets ; for Spectators in each of thoſe Places will %, 
ſee the fame Face of the Heavens, the ſame Stars,” wor Fog 
with the ſame Magnitude, and the ſame Figure 4 "we 
of the Conſtellations; and the Heavens which 
— and involve them all, will have the ſame 

ace. ee 
ASTRONOMERS divide the Starry Firmament into The Regi- 
three Regions, the Middle of which comprehends ons of the 
thoſe Stars which have their Situation near the Planes Heavens. 
of the Orbits in which the Planets move; this Part 
of Heaven they call the Zodiac, becauſe the Con- 


ſtellations there placed, ſeemed for the moſt Part to 


repreſent ſome Animal or living Creature. In this 
Space the Planets are alwayg to be ſeen, and none 
of them ever tranſgreſs its BY.nds Upon each Side 
of this Zone lie the other two Regions of the Hea- 
vens, one of which is called the North; and the other, 
the South Part of the Heavens. : 
Tak Antients divided the viſible Firmament in- The [mages . - 
to XLVIII. Images, twelve of which filled the Zo- noted by the 
diack, and they give their Names to the twelve 4ntients, 


Signs, or the Portions into which it is divided, ©* 48. 


Their Names are the Ram, the Bull, the Twins, 
the Crab, the Lion, the Virgin, the Balance, the Scor- 
pion, the Archer, the Goat, the Water-Bearer, and the 
Fiſhes. ' My | | 

In the Northern Region there are XXI. Images, 
viz. the Lefſer Bear, the Great Herr, the Dragon, 
Cepheus, Bootes, the Northern Crown, Hercules, the 
Harp, the Swan, Caſſiopeia, Perſeus, Andromeda, the 
Triangle, Auriga, Pegaſus or the Flying- Hor/e, Equu- 
leus, the Dolphin, the 1 the Eagle, Serpenta- 


rius, 


vo 
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Lecture rius, and the Serpent: Afterwards they added to them 


VI. 


two others, viz. that. of Antizous, which was made 


of the Stars that are not included within any Image, 


The Stars 
ewithout 
Forms. 


The Mil- 
ky-way. 


and are near the Eagle And the Conſtellation called 
Berenice's Hair, conſiſting of Stars which are near the 
Liow's Tail. | 

UrFon the South Side of the Zodiack there are fit- 
teen Afleriſins, which were known to the Antients, 
vis. the Whale, the River Eridanus, the Hare, Orion, 
the Great Dog, the Leſſer Dog, the Ship Argo, Hyara, 
the Cup, the Crow, the Cemaur, the Moi, the Altar, 
the Southern Crown, and the Southern Fiſh : To theſe 
are lately added XII. more Conſtellations, which are 
not to be ſeen by us who inhabit the Northern Re- 
gions, becauſe of the Convexity of the Earth ; but 
in the Southern Parts they are very conſpicuous. 'I hefe 
are the Phenix, the Crane, the Peacock, the Indian, 
the Bird of Paradiſe, the Southern Triangle, the Ph, 
the Chameleon, the Flying Fi/h, the Toucan, or American 
Gooſe, Hydrus or Mater Serpent, Xiphias or the Sword 
Fiſh. 

W1rTHnovT the C 
Images, there are ſe 


paſs of the Conſtellations or 
ral Stars, which cannot be re- 


duced to any of the Forms mentioned ; and theſe 


are called Unformed Stars, out of which ſome great 
C have made new Conſtellations, as Charles's 
eart, and Sobieſti's Shield. 


THE Galaxy, or Milty-w-¼/u, is alſo to be reckoned 


among the Conſtellations: This is a broad Circle of 
a whitiſh Hue like Milk; in ſome Places it is double, 
but for the moſt Part it conſiſts of a ſingle Path, and 
goes round the whole Heavens. The great Galileus, 
with his Telefcope, diſcovered that the Portion of the 
Heavens which this Circle paſſes through, was ev 
where filled with an infinite Multitude of exceeding 
ſmall Stars; which though they cannot, by Reaſon 
of their Smallneſs, be ſeen diſtinctly by the naked 
Eye, yet with their Light they all combine to illuſtrate 
that Region of the Heavens where they are, and diffuſe 
through it a ſhining W hitenels. 
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By the Help of Images, the antient 4/ronomers Lecture 
have been able to diſtinguiſh and mark out the Stars VI. 
of the Firmament, and with great Care and Indu- 
ſtry they have digeſted them into Catalogues, which 

they have delivered down to Poſterity. Theſe Ca- 
talogues have been much increaſed and corrected by 

our modern A/tronomers ; and now they not only com- 

prehend the Stars viſible by the naked Eye, but alſo 

many that are not to be obſerved or ſeen without a 
Teleſcope. 

HiePARCHUs the Nhodian about 120 Years before Hippar- 
the Birth of Chriſti, was the firſt among the Greets chus fr 
who reduced the Stars into a Catalogue. Daring, compoſed a 
according to Pliny, to undertake a Thing, which ſeemed C talogue 
to ſurpaſs the Power of a Divinity, that is, to number the of t be 
Stars for Poſterity, and to reduce them to Rule; having Stars. 
contrived Inſiruments by whith he marked the Place and 
Magnitude of each Star. So that by this Means we can 
eaſily diſcover, not only whether any of the Stars periſh, and 
others grow u; but alſo whether they mode, and what is 
their Courſe, and alſo if they grow bigger or wax l; by 
which Means he has given to Pojyprity the Poſſeſſion of the 
Heavens, if any of them have $ Ry enongh to compre- 
bend them, | 

HiPPARCUHSs, from his own proper Obſerva- 
tions, and thoſe of the artient A/ffrowomers who 
lived before him, inſerted into his Catalogue 1022 
Stars, and annexed to each of them their proper 
Longitude and Latitude, which they had at that 
Time. Ptolemy inlarged Hipparchus's Catalogue only ptolemy. 
with four Stars, numbering 1026. And after Pto- 
lemy, Ulug Beighi, the Grandſon of the great Ta- Ulug 
merlain, obſerved again the Stars, and reduced 1017 Beighi 
of them into a Catalogue. In the 16th Century, made a 
and that which followed, Af#rmomy was courted by zew Ca- 
many Admirers and Suitors; among whom we may 7a/cgue. 
chietly reckon Regiomintanus and Copernicus. But 3 
the noble Daniſb Aftronomer Tycho Brabe, in adorn- - _— 
ing and” perfecting this Science, did far ſurpaſs the 77 
Labours of all that went before him ; who procu- ; 
red very large and exquiſitely well contrived Inſtru- 
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ments for obſerving the Heavens ; and particularly he 
determined the Places of 777 fixed Stars, and reduced' 
them into a Catalogue, their Places being all calcu- 
lated from his own proper Obſervations, Kepler in- 
deed, in his Rudolphin Tables, gives us a Catalogue 
of the Stars, he calls Tyrhonich, in which he has put 
down 1163 Stars; but all of them, except the 777 ob- 
ſerved by Tycho, were taken partly from Prolemy, and 
partly 25 other Authors. For Tycho in his own 
Catalogue ſets down no Star which he had not obſerv- 
ed himſelf, by his own Inſtruments, and calculated 
the Place from his proper Obſervations. 


The Prince ABouT the ſame Time with Tycho lived William 


of Heſs. 


Ricciolus. 


84 


Prince of Je, who likewiſe obferved the Stars : He 
had two Mathematicians to aſſiſt him, Rothmannus and 
Byrgius, with whom, by thirty Years continued La- 
bour, he computed the Places of 400 Stars, all found- 
ed on their own Obſervations, and inſerted them in a 
Catalogue. 

Tre Jeſuit Ricczolus inriched the Catalogue of Kep- 
ler with 305 Stars, by which Means their Number was 
wine of to 1468 ; bu this Catalogue was not found- 
ed on his own Obſervations ; for he, and his Com- 


panion Grimaldi, did not take the Places of above 107 


Stars with their own Inſtruments; and he took all 


the reſt from Tycho, Kepler, and other Authors: But 


it is ſurpriſing, that Ricciolus ſhould inſert in his Ca- 
talogue ſeveral Stars, which were plainly viſible in 
Tychs's Time, and duly obſerved by him, but which 
in Riccolus's Days had vaniſhed, and were not to be 


ſeen ; and yet they are preſerved in his Catalogue, as if 


he himſelf had then obſerved them. 
BaRTSCHIUs, in his Book about the four Foot- 
Globe publiſhed at Srraſburgh in 1635, in Quarto, 


tells us, That Bayerus had deſcribed in his Uranometria, 


the Places of 1725 Stars, and he alſo boaſts, that 
he himſelf had painted in his Globe 1762 Stars, but 
he does not tell us by whom, or in what Year they 
were oblerved, 
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THE Stars near the Antarich Pole, not to be ſeen Lecture 
in our Climate, were firſt accurately obſerved by my VI. 


Collegue Dr. Edmund Halley ; who being animated 


with a great Love of this Siderial Science, undertook n, Hal. 


a long, and no leſs dangerous Voyage to the Iſland} 


of St. Helema, chat he might there take the Poſition of 12% ob- 
the Stars which are within the Anmtaredixt Circle; and erved the 
he publiſhed a Catalogue of 373 of them, whoſe Places "EY 


he adapted to the End of the Year 1677. 


THe illuſtrious Fobhn Hevelius of Dantzig, a Man Heyelius, 


of prodigious Induſtry, and unwearied Diligence, 
being well furniſhed with very exact Inſtruments, 
and with all the Tools that are proper for an -a/tro- 
nomer, did again aſſault the Stars with his Inſtru- 
ments, and computed the Places of 1553 of them 
from his own proper Obſervations; and fo he com- 
poſed a new Catalogue, which contained 1888, 072. 
950 known to the Antients, and which were to be 
jeen at Dantzig; 603 new ones, which no one be- 
fore had ever rightly obſerved; and to them he joined 
335 others round the Antarctic Pole, taken out of 
Dr. Halles Catalogue, which lie always hid under 
the Horizon of Dantzig. 


Bu r the largeſt and moſt complete Catalogue of M. Flam- 
the Stars * is ſhortly to be expected from the La- ſteed has 
bours of that moſt excellent Obſerver Mr. John ade the 
Flamſteed, late Royal Profeſſor of Afronomy at Green- l copious 
wich ; the Number of Stars inſerted in this Catalogue 2 9 
reach to 3000. And as Hevelius doubled by his G- 
ſervations the Number of Stars obſerved by Tychs : talogue. 


So our Britiſh Aſtronomer has as far outdone Hevelius, 
having, by his Obſervations, doubled the Stars that 
were obſerved by him: We are ſo much indebted to 
this A/tronomer for the Increaſe of the Knowledge we 
bave of the Cel:/?ial Bodies, that there is not the leaſt 
Star in the Heavens to be ſeen, whoſe Place and Situa- 
tion is not better known, than the Poſition of many 

E 3 ; Cities 


* This Catalogue was publiſhed Anno 17 5. 
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Lecture Cities through which Travellers do daily paſs. Nor 
* VI. is it any Wonder, that the A/fronomers ſhould take fo 
much Pains, and fo obſtinately watch the fixed Stars, 
Ra, determine their Places; for without the exact ſet- 
tling of their Poſitions and Places, they could never 
have found out the Ways of the P{anets, nor have de- 
ſcribed their Orbits : For it is upon the Obſervations 
of the fixed Stars, as upon immoveable Pillars, that 
the whole Science of Mronomy is erected, and by them 
it is ſuſtained. 
The Num- Or the 3000 Stars inſerted in Mr, Flamſteed's Ca- 
ber of the talogue, there are many that cannot be ſeen without 
Stars. a Teleſcope; ſo that it is ſeldom that even a very 
good Eye can reckon more than 100 together in the 
. : This will certainly ſurprize a great many 
erſons; for in the Winter, in a clear Night, without 
11c0n-ſhine, at firſt Sight they ſeem to be innumerable, 
But this Appearance is. only a Deception of our Sight, 
arifing from their vehement and ſtrong Twinkling, 


or Scintillation, while we look upon them confuſed- 


ly, and without reducing them to any Order ; but he 
who will diſtinctly vigy them, will find not one but 
what are obſerved by the Afirenomers, and inſerted in 
their Catalogues: And if any one will take a Globe 
of the larger Size, and compare it with the Heavens, 
he will rarely find any Star in the Heavens, that is 
not marked upon the Surface of that Globe. 
Is the mean Time I muſt acknowledge, that the 
Number of the Stars is really vaſtly great, and al- 
moſt infinite; for whoever will view the Sars with a 
od Teleſcope, will find every where a prodigious 
umber of them altogether indiſcernable by the naked 
Eye, eſpecially in the 44/iy-way ; where they are ſo 
thick, that though they cannot be ſeen ſeparately, yet 
they give that Region of the Heavens, where they are 
placed, a Luſtre above all the reſt. 


ManyStars I HE famous Dr. Hoot, Profeſſor of Geometry in 
impercepti- Gre/ham-College, directing his twelve- foot Teleſcope 
bl: to the to the Pleiades or the ſeven Stars, though there are 
naked De. now only fix to be ſeen with the naked Eye, did, 


in 
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in that ſmall Compaſs, count 78 Stars; and making Lecture 
uſe of longer and more perfect Teleſcopes, he dil- VI. 
covered a great many more of very different Mag- -N 
nitudes: See his Micragraphy, pag. 241. Antonius 8 
Maria de Reita, in his Book which he calls Radius 
Sidereomyſticus, pag. 197, affirms, that he has num- 

bered in the ſingle Conſtellation of Orion 2000 Stars. , 

FR OM what we have ſaid, in the preceding, : _ 
Lecture, it plainly appears, how falſe and ill-founde 4 45 5 
were the Notions of the antient Philoſophers, who,,,,,,,;»1. 
having too favourable an Opinion of the Heavenly ,,,7 
Regions, granted them ſome Privileges without any ange- 
reaſonable Ground: For they affimed, that the Hea- 40e. 
vens were incaple of any Change, that the Cele- 


ſtial Matter was of a different Kind from any we 


have in our Earth, and that its Firmneſs did far ex- 
ceed that of the moſt durable Diamond; for that is 
ſtill corruptible, and may be changed into other 
Sorts of Matter, and undergo ſeveral 'Tranſmuta- 
tions: But the Form of the Heavenly Matter, ac- 
cording to them, is permanent and eternal. We have 
ſcen in the Sun and Planets, that there are frequent- 
ly new Bodies produced and generated; others again 
are corrupted and. periſh, and the Faces of the Pla- 
nets undergo many Changes. Thoſe Alterations are 
not peculiar to our Earth, or our Planetary Sy- 
ſtem ; the Principle of Generation and Corruption The fixed 
is much further diffuſed, it reaches even the moſt Stars able 
diſtant fixed Stars, and all the Bodies of the Uni- 79the Prin- 
verſe are under its Dominion; there is nothing but e , Ge- 
our Mind, and our Spiritual Part, that are exempted 7 
from its Juriſdictſon: For the Heavenly Bodies, 287 . 
well as the Terreſtrial, are changeable and periſh.” J. . 
Several Stars which were obſerved by the Antients, 
are now no more to be ſeen, but are deſtroyed, and 
we have known ſome new ones come in the Hea- 
vens unknown to them ; which likewiſe in due Time 
will vaniſh, and diſappear. There are alſo ſome 5% Stus 
Stars which fora Time are extinguiſhed, and be- i or 
come inviſible, but after a certain Period they re- peri/b, and 
| E 4 aſſume again ap- 
pear. 
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Lecture aſſume their former Luſtre. Of theſe Stars, the 

Vi, moſt remarkable is that which is in the Neck of the 

0 , Whale, which for eight or nine Months of the Year 

withdraws itſelf from our Sight, and for the other 

three or four Months is conſtantly changing its 

Luſtie and Bigneſs, It is probable, that the greateſt 

Part of the Surface of this Star is covered with 

Spots and dark Bodies, ſome Part thereof remaining 

lucid ; and while it turns about its Ai, does ſome- 

times ſhew its bright Part, ſometimes it turns its 

dark Side to us: But the very Spots themſelves of 

this Star are liable to Changes: for it does not 

every Year appear with the ſame Luftre ; ſometimes 

it reſembles a Star of the ſecond Magnitude, in other 

Years it can ſcarely be reckoned among Stars of the 

third Order : Nor are the Times of its viſiting us, 

always of the ſame Duration ; for in ſome Years 

after three Months it takes its Leave of us; in others 

we enjoy its Light for the Space of four Months ; 

nor does its Increaſe or Decreaſe always anſwer the 
Difference of Times. | 

MoREoOVE R ve ge aſſured from the Obſerva- 

tions of Afronomers, tlfat ſome Stars have been ob- 

ſerved which never were before, and for a certain 

Time they have diſtinguiſhed them by their /uper- 

o ative Luſire; but afterwards decreaſing, they by 

Stars. Degrees vaniſhed, and were no more to be ſeen. 

One of theſe Stars being firſt ſeen and obſerved by 

Hipparchus, the Chief of the Aftronomers of the An- 

© tients, ſet him upon compoling a Catalogue of the 

fixed Stars, that Poſterity might by it learn whether 

any of the Stars periſh, and others are produced 

afreſh. 

Anew ArrkER ſeveral Ages, another new Star appeared 
Star i» to Hebo, and the Aſtronomers that were contempo- 
Caſſiopeia rary with him; which juſt like the new Sta, in 
5 Hipparchus's Time induced him likewiſe to make a 
- new Catalogue of the fixed Stars. This Star made 
its Appeaance in the Conſtellation C2//zopeia, and 
was firſt obſerved about the Middle of November 
1572, and never changed its Place all the Time it 
| | Was 
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Months; but yet by Degrees it diminiſhed, and at 


laſt became inviſible. Its Magnitude exceeded that 


of Syrius or Lyra, which are the brighteſt of the fixed 


Stare, and even vied with Veuus when ſhe is neareſt 


to us: So that ſometimes it could be ſeen in fair 


. Day-light or Sun-ſhine; but at laſt it continually loſt _ 


ſomething of its Splendor, tilt it quite diſappeared, 
and it has never been ſeen fince. Leobicius, from 
the Hiſtories of thoſe Times, tells us, that in the 
Time of the Emperor Oths, about the Year 945, 
a new Star appeared in Caſſiopeia, juſt ſuch a one as 


was ſeen in his Time in the Year 1572. And he 
brings us another antient Obſervation that there was 


likewiſe ſeen in the Northern Region of the Hea- 
vens, near the Conſtellation C2/{zapeia, itt the Year 


1264, an eminently bright Star, which kept itſelf in 
the ſame Place, and had no -proper Motion. It is 


probable, that theſe two Sars might have been the 
ſame with that which was ſeen by Fycho, and that 


in about 150 Years the ſame Star may again make 


its Appearance. | 


Id the Year 1600 and thd following, Kepler ob- dau Str 
ſerved another new Star in the Swan's Breaſt, which b 


57 ; 


was viſible, which was for the Space of ſixteen Lecture 


remained viſible for many Years; and in Heveljus's SWan's 
Time looked like a Star of the third Magnitude ; but Breaſt 


at laſt became inviſible from the Year 1660 till the 
Year 1666, when it was again obſerved by Hev-lius 
as a Star of the fixth Magnitude juſt in the ſame 
Place as it was at firſt obſerved in; where it now 


-Appears. | 


Ws are aſſured by the Catalogues of the fixed 


Stars, that many Stars have been obſerved by the 


Antients, and ſome gyen by Tycho, which are now 
become inviſible, and particularly in the Pleiades or 


ſeven Stars; there were formerly counted ſeven, but 


now we can reckon but ſix; and ſo it was in Ovid's 
Lhe, who in his third Book of the Faſti, has this 
elle; 


Quæ ſeptem dici, ſex tamen ce ſolent. 
| Tas 
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Tux celebrated Mr. Montanere, Profeſſor of Mas 
thematicks of the Univerſity of Bononia, in his Letter 
written to the Ro YAL SOCIE T, dated April 
30, 1670, has theſe Words: There are now want- 
ing in the Heavens two Stars of the ſecond Mag- 
<« nitude, in the Stern of the Ship Argo, and its 
« Yard; Bayerus marked them with the Letters 8 
c and y, I and others obſerved them in the Year 
„ 1664, upon the Occaſjon of the Comet that appeared 
© that Year : When they diſappeared firſt I know not; 
« only 1 am ſure, that in the Year 1668, upon the 
„ 10th of April there was not the leaſt Glimpſe of 
© them to be ſeen; and yet the reſt about them, 
<« even of the third and fourth Magnitudes, remained 
* the ſame. I have obſerved many more Changes 
„among the /ized Stars, even to the Number of a 
Hundred, though none of them are ſo great as 
« thoſe I have thewed. | 

IT is no ways improbable, that theſe Stars loſt 


their Brightneſs by a prodigious Number of Spots, 


which intirely covered, and, as it were, overwhelmed 
them. In what diſmal! Condition mult their Planets 
remain, who have noth lig but the dim and twinkling 
Rays of the fixed Stars to enlighten them ? 
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Of the Motion of the Earth round the Sun, and 
alſo about her own Axis; whereby the 


Apparent Motion of the Sun and Heavens 
are explained. | 


AVING taken a curfory View of the : 
& Univerſe, and explained thoſe Things __ 
Be which we have diſcovered concerning the 
= fixed Stars, we will now come to conſider 
more accurately our own ſolar Syſtem ; for 
our Aſtronomy is chiefly concerned about the Motions 
of the Bodies that are contained in it, and about 
the Appearances or ang ariſe from thoſe 
Motions. | h f 
AND», firſt, it is reaſonable that we ſhould begin V are ts 
from the Motion of the Earth, which is our own Seat begin with 


and Habitation, that is, from our own Motion; e Motion 


tince we are to be the Spectators of all the A ppearancesY/ the 
which are here to be explained, and particularly, be- * 
cauſe from our Motion ariſes the apparent Motion of 
the Sun, which if not firſt known, the Appearances 
and Motions of the Planets can neither be explained 
nor computed. - _ 

W x have in the preceding Lectures demonſtrated, 
that the Sun, which is by far the biggeſt and moſt 
noble Body of the Univerſe, does poſſeſs himſelf of | 
the Center, from whenee he every Way diffuſeth The Sun in 
upon all the Planets his enlivening Beams and e Center 


| Warmth; and that they, as it were, dance found? 9 


him at different Diſtances and Periods. The Earth Vfiem. 


which we inhabit is to be reckoned as one of them, 2 8 A 


who goes round the Sun in the Space of a Year; % Sun. 


and 
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Lecture and at the ſame Lime turns round her own Axis every 
VII. I Hours. Now, fince the Diſtance of the 
. fixed Stars is immenſely great, in Compariſon of the 
The /ame Diſtance of the Earth from the Sun, the Starry Fir- 
Order and mament will have the ſame Face, and there will be 
Poſition of the ſame Situation, Order, and Magnitude of the 
#he Stars is Stars, whether they be viewed from the Sun, or from 
ſeen from the Earth: But ſince all diſtant Bodies appear as if 
the Sun they were in the Heavens, a Spectator in the Sur will 
and Earth | ; - Amy 
' obſerve the Earth to deſcribe a Circle in the Starry 
Firmament; and becauſe the Plane of the Earth's 
Orbit paſſes through the Sn, the Circle which the 
Earth deſcribes, will appear to be a great Circle in the 
Heavens. 
The Motion LET 8 repreſent the Se. ABCD the Orbit 
of the of the Earth, in which the Earth is carried from 
th /cen the 1/2? to the £a/# in the Compals of a Year. 


9 UI refer it to the Star Y, as if it were in the ſame 
Fir. Point of Space with the Sar: But when the Earth 


Earth in the Heavens juſt by the Star 9; when 
the Earth is gone foi ard to C, it will be ſeen 
from the Sun in ; and when it is come to D, 
2 it, will appear in y; and when it is returned to A, 
8 having finiſhed its Period, it will be ſeen again 
in M. We 
H xc xk, if the Plane of the Eartbs Orbit be 
imagined extended to the Heavens, as far as the 


4 
* £ * ” 


= . the Sa would ſee the Earth to revolve; every-Year : 
e Eclip- This: Circle is called the. Eclipticth, and divided by 


> : 2 tick and the Aſtronomers into twelve equal Parts which are 


5 4 Divi called Signs; each of them takes its Name from that 


9 Conſtellation, which, at the Time the Names were 
e impoſed, was ſituated near the Portion of the Eclipse 
tick it denominates. Theſe Signs or Portions. are 


- 
5 . 
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* . ee the Ram , the Bull & the Twins; u, the Crab . 
the Lyon N, the Virgin w, the Bulaue: c, the 
* Fs _— — Scorpion 


oem the A Spectator in S looking upon the Earth at A, will 


ig: . brought to B, the Spectator in 8 will ſee the 


iy fixed Stars, it will cut the ſtarry, Firmament, or the. 
concave ſpherical Surface, in which all the Sars 
appear, in that very Circle in which a {Spectator in 


"— 
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at the Star Y; and the Spectator being carried 
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Scorpton m, the Archer F, the Goat r, the Water- Lecture 
Bearer ag, and the Fiſbs . 1 

Le T us now bring our Spectator from the Sur, / 
to the Earth, and let him be carried by it round 74, Ana- 
the Sun, and let us imagine that the Harth is in rent Motion 
C: A Spectator fees the ſame Face of the Heavens, / be Sun 
and the very ſame Conſtellations, as we have ſaid een from 
he did before, while he was in the Sun; the only the 
Difference will be, that, as before he imagined the 
Earth in the Heavens, and the Sun in the Center, 
he will now ſuppoſe the Sus to be in the Heavens, 
and himſelf with the Earth in the Center, it beigg - 
really the Center of his own View. Therefore the 
Earth being in C, the Spectator will ſee the Sur 


along with the Earth, and participating of the an- 
nual Motion, which is common to them both, he 
will obſerve all the Parts of the Earth, and all the 
Bodies fixed on its Surface, to keep the ſame Pofi- 
tion in regard to one another, and to his own Eye, 
and always to remain at the ſame Diſtance from him; 
and there he cannot by his e, perceive either his 
own Motion, or that of the Harth. But looking to 
the Sun, and obſerving him, when the Earth comes 
to D, he will ſee the Sun at the Star g, and will 
perceive that he has changed his Place among the 
Stars, and has moved from , by y, u, to S: 


And while the Earth goes on in its Progreſs, and 

goes to A, the Sun will be ſeen from thence to have 

moved through the Signs s, K, and : Ang 
again while the Earth deſcribes the Semicircle ABC C. 


the Sun will appear to have moved, in the concave 
Surface of the Heavens, through the fix Signs A, 
m, , , , X. And therefore an Inhabitant of 
the Earth obſerves the Sun, which is really im- 
moveable, to go through the ſame Circle in the 
Heavens, and in the ſame Space# of Time, that a 
_ in the Sun, would „e the Zarth de 


r Ba Hence } | 


1 «a. ASTRONOMICAL 
Lecture HNO ariſes the apparent Motion of the Su, 
Vit by which it is obſerved » 4 creep every Day by little 


X and little towards the Eaſtern Stars; Jo that if any 


1 Joy Star near the Ecliptick does at any Time fiſe with 
Sf ti: fan the Sun, after ſome few Days the Sun will be got 
mare, to the He of the Star, and the Star will riſe 
1 1-1/c1 1m hefore the Sung and will likewiſe ſet before him. 
likewiſe a Star which is Za/izard of the Sun, and 
.de gema, ſeen after the Sun ſets, at a conſiderable Diſtance 
from him, in the Space of ſome few Days will ſet 
with the Sun, and will no more be ſeen after the 
Sun goes down. This Motion of the Sun, which is 
contiary to the apparent diurnal Revolution” of the 
Heavens from Ea/t to 75 was eſteemed to be 
real by the Followers of Ptolomy, who maintained, 
that the Sun and all the Stars had two Motions; con- 
trary to one another, the one common with the 


Hours; the other proper, and peculiar to each, and 
was from the Weſi to the Ea; which Courfe the 
Sun finiſhed in the Space of a Year. But we have 
thewed, that there is,no ſuch real Motion in the 
Sun, and that it is only apparent, ariſing from the 
Motion of the Earth. 
The Sun Trex Inhabitants of all the other Planets will 
will have obſerve juſt ſuch Motions in the Sun, and for the 
Juft ſuch very ſame Reaſons that we do in our Earth: And 
Metions, the Sun will be ſeen from every Planet, to deſcribe 
«uben it is the ſame Circle, and in the fame. Space of Time 
Herve that a Spectator in the Sus would obſerve the Planet 
Ho ether to do. For Example: An Inhabitant of Jupiter 
would think that the Sun turns round him, and 
would fee him deſcribe a Circle in the Heaveris in 
the Space of twelve Years; that Circle would not 
be the ſame with our Ecliptick, and the Motion of 
the Sun would not be through the fame Stars, which 


he appears to us to paſs by. And upon the ſame 


Account the Sun ſeen from Saturn will appear to 
move in another Circle, diſtinct from either of the 


former, and will not ſeem to finiſh his Period in leſs: 


Heavens from Ea to Weſt, in the Space of 24 
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Time than thirty Years. Since therefore it is impoſſi Lechs 
ble that the Sun can have all theſe Motions really VII. 
in itſelf, and there can be no Reaſon ſhewn, W wu 
any one of them ſhould belong really to the Sun 
more than the reſt, we may ſafely affirm that there 
are none of them real, but that are all appa- 
rent, and ariſe from the Motions of the reſpective 
Planets. | 

BERSID ES this annual Circulation of the Earth The Gyra- 
it has alſo a virtiginous Motion round its dur, from far 4 the 
the Ve to the Eat, in twenty-four Hours: The 


two Points in which the Axis meets with the Sur- Ari, its 


face of the Earth, are called the Poles of the Earth; Ty, Poles. 
and if this Axis be indefinitely produced to the Hea- 

vens both Ways, it will mark in the Heavens two 
Points, which are called the Pales of the Heavens: 

Every Point on the Surface of the Earth, except 

the Poles, will deſcribe the Circumference of a Cir- 

cle bigger or leſs, according as it is further diſtant 

or nearer to one of the Poles. The Poles are the 

only two Points which have no Verticity : This 

plainly follows from the Natuze of a vertiginous Mo- 

tion. Any Place on the e of the £arth, 

which is equally diſtant from both the Polzs, de- 

ſcribes by its Rotation a 2 Circle, which is cal- 

led the Æquator of the Earth, or the Aguinoctial be E- 
Circle; and the reſt defcribed by Points nearer to quator, ar 
one of the Poles, are leſſer Circles, and are called Equinoc- 


Parallels. tial and 


Ir we imagine a Plane to paſs over that point ale. 


of the Earth's Surface on which the Spectator ſtands, 
and to touch the Globe of the Earth there; this 


Plane, extended as far as the Heavens, will divide 
the Heavens into two Parts, and its Section with 5 


the Heavens will make a Circle, which is called the 75: Hori- 
Horixon; and it will ſeparate or diſtinguiſh the viſi-227- 

ble and open Part of the Heavens, from that which — III. 
is inviſible, and which the Opakeneſs and Convexity r , 
of the Earth hides from us. This Horize: which 3% 

3 The Horn. 


6a. ASTRONOMICAL 


Lecture The Rational Horizon being a diſtin Circle which 
VII. paſſes through the Center of the Earth, and is parallel 
to the Senſible which touches the Surface. But theſe 
two Circles, though they are diſtant from one an- 
other by the Semidiameter of the Earth, yet in the 
Heavens they may be reckoned as coinciding ; for 
that Semidiameter is but a Point, in Compariſon of 
Nai the Diſtance of the Heavens. a | 
The Rota- SIN c E the Earth turns round its Axis, the Spec- 
tion of the tator, ſtanding on its Surface, much likewiſe turn 
Earth round with it the ſame Way, that is, towards the 
produces an Eaſt: And therefore all the Bodies in the Heavens, 
arent which are placed in the E, and were not to be 
2 ſeen by Reaſon of the Plane of the Horizon was above 
EN g them, will become viſible, when by the Rotation 
the Earth this Plane ſubſidies, and comes under them. So like- | 
wi the oppoſite Part of this Plane towards the 
Nei, riſmg above the Stars, will hide them from - 
the Sight of the Spectator, and all the Stars in the | 
Met will become invifible. Hence it is, the Stars 
of the Eaſtern Side of the Horizon will appear to 
riſe above the Horizons becauſe the Horizon deſcends 
below them; and the Stars on the Veſlern Side will 
appear to ſet, or go below the Horizon, becauſe the 
Horizon does really get above them. Hence ariſes 
that apparent Motion of all the Bodies of the Uni- 
verſe that do not adhere to the Zarth, wherewith 
the whole ſtarry Firmament, and every Point of the 
Heavens ſeem to revolve about the Earth from Eaf 
to Weſt; every Point deſcribing a greater or leſſer 
Circle, as it is more remote, or nearer to one of 
the Celeſtial Palzs: And theſe Celeſtial Potes which 
are made by the Production of the Earth's: Axis to 
the Heavens, are the only Points in the Heavens, 
which appear to be immoveable.” + 1 
ALTHOUGH every Place on the Surface of the 
terraqueous Globe, is illuſtrated by all the Stars 
 Whicy ate above the Horizon of that Place, or 
rather when the Horizon is under the Stars ; 
yet the Illumination made by the Sur is ep 


—ͤ—ͤ—ͤũ 


the dark Side, is called the Circle of the Interſec- Light and 


always perpendicular to the Plane of this Circle. 
If the Axis of the Earth had been placed in a 


had coincided with the Plane of the Ecliptick, or 


_ paſſed through the Poles of the Earth, and cut the 


_ gle of 665 Degrees 2 
Earth's Æquator cannot coincide with the Plane of % Elise 

the Ecliptict, but theſe two Planes make with one . | | 

another an Angle of 231 Degrees. 4 Pick, 


"LECTURES... 65 
and the Reflection of its Light by the Atmoſphere Lecture 


fo ſtrong, that the Sun, when he is above the Ho- VII. 
rizon, does with his Preſence quite extinguiſh the 
faint Light of the fixed Stars, and produces Day: ene 
When the Sn withdraws himſelf, and goes below Day-febr. 
our Horixon, or, more properly, when our Horizen Whenes 
gets about the Sun, he then gives Leave to the Stars Night. 

to ſhine and appear, at which Time it is Night. 

Now fince the Earth is an opake ſpherical Body, at 

a great Diſtance from the Sus, one Half of it will 

— be illuminated by the Sun, while the other 

Half remains in Darkneſs : And the Circle which The Circle 
diſtinguiſhes the illaminated Face of the Earth from bounding 


tion of Light and Shadow; a Line drawn from the Darts. 
Center of the Sun, to the Center of the Earth, is 


Poſition perpendicular to the Plane of the Ecliptick, 
then in that Caſe the Plane of the Earth's quator 


the Plane of the Earth's Mbit; and the Circle 
bounding Light and Darkneis, would have always 


Xquator and all its Parallels into equal Por tions: 
And therefore, in that Caſe, the Sun and all the 
Stars would have remained as long above the Hori- 


Ton, as they would have lain hid under it, and the 


Days would have been conſtantly equal to the Nights. 77% Axis 
But now as the Caſe is, the Axis of the Earth is not of he 


Yn ys to the Plane of the-Ecliptick, but is * 


clined to that Plane, and makes with it an An- not per nen- 
and therefore the Plane of the ic 10 


\ 


Ir the Plane of the Earth's Æquator be ima» The #qui- 
gined to be produced as far as the fixed Stars, it will xotal of 
there make a Circle which is called the Celeſtial % Ha- 


Aquinoctial; which is —_— over the Terreſtrial va. 


Zqui- 
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Nr 
* > LY a 
, 9. 


66 ASTRONOMICAL 


Lecture Æquinoctial: This Circle makes with the Ecliptick in 
VII. the Heavens, an Angle likewiſe of 231 Degrees. | 
Trax Earth in its Revolution _ the Sun does 


The Por" ſuch a Manner proceed in its Orbit, that it 
keeps its Axis parallel to itſelf; that is, if a Line 
the Earth's be drawn parallel to the Aris while it is in any 
Axis one Poſition, the Axis in all other Poſitions. or Paris 
of the Orbit will always be parallel to that ſame 
Line, and it will never change its Direction, but 

always look towards the ſame Point of the Heavens : 
And this will neceffarily be, if the E2rth have no 
ether Motion but that round the Sur, and the other 
round its own Axis. For ſuppoſe any Body, whoſe 
Center is carried in the Line AB, and in A we 
ſhould mark any Diameter C D, which is inclined 
Plate III. in any Angle to the Line AB; if this Body have 
Fig. 3- no other but a progreſſive Motion in the Line A B, 
when it comes to the Point B, the Diameter CD 
will be in the Situation 2d, and its Poſition will be 
parallel to the former Poſition CD: Now if there 


ſhould be impreſſed upon this Body a Rotation round 


CD as an Axis, all th Diameters of the Body will 
conſtantly change their Poſition by this Rotation, ex- 
_ the Axis, which will remain in its former State : 
The Points in the Axis being the only Points in the 
Body which have no Rotation. But this Axis, as 
was ſhewed, did before the Rotation always preſerve 
a Pofition parallel to itſelf ; therefore after the Ro- 
tation is impreſſed upon the Body, the Axis will ſtill 
keep parallel to itſelf. 
HENCE it is evident, that there is no Need of a 
— ' third Motion for the Earth, as ſome have imagined 
| it muſt have, to make it keep its Axis parallel to itſelf : 
For to this Effect there is nothing more required, 
than that it ſhould have only the former two, with 
which alone it will neceſſarily keep its Axis parallel 
to itſelf. | 
Sick the Plane of the Æquator does not _ 
cide with the Plane of the Felpnek, des 
Planes muſt cut one another in a right — 
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n, as we ſhewed in the Poſition of the 


Earth's Aris: And therefore this Section or Line, in 
which the Planes cut one another, will always be 
directed towards two oppoſite Points of the Eclip- 
tick, and will always look to the ſame Points of 


the Univerſe. | ty, 
A great Circle in the Heavens paſſing through the Tb. Equi- 
two Celeſtial Poles, and the common Section of the noctial 


Aquator and the Ecliptick, is called the Eg - Col 


noftial Calure Another Circle, cutting the former _ al 
in the Poles at right Angles, is called the Sofrtzal | | 
C:lure, which paſſes through the Points. where the 


Aquator and Ecliptick are at the greateſt Diſtance 
from one another, and cuts likewiſe both theſe 
Circles at right Angles ; and therefore does likewiſe 
paſs through the Poles of the Ecliptick, or that Point 
which is every-where equally diſtant from the 
Ecliptick. The four Points in which theſe two 
Calures interſect the Ecliptich are called the four 


Cardinal Paints; becauſe win the Sun is ſeen in TheCardi- 
them, he determines the four Seaſons of the Year, / Points. 


The two Interſections of the Eguinoctial Colure 
with the Ecliptick, are called the Eguinactial Points; 
the other two, being the Interſections of the S2//i- 


tial / Calure with the Ecliptick, are called the Sa//2i- 


tial Paints. 


SUPPOSE now the Eye of a Spectator to look Plate III. 
from afar, obliquely upon the Orbit of the Earth; Fig. 4. 


it will then appear, or have a Repreſentation of 
an Oval Figure, according to the Rules of Per- 
ſpective; and in the Mi of this Oval the Sun 
will keep. Through the Center -of the Sun S, draw 
the right Line Y S e parallel to the common Sec- 
tion of the Æquator and the Ecliptick, which will 
meet with the Ecliptick in two Points Y, : And 
when the Earth ſeen from the Sus is in either of 
theſe Points, the right Line 8 Y or S a, which 
OS F 2 joins 
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while 2 Earth turns round the Sun, the com- Lecture 
ion of theſe two Planes will likewiſe VII. 
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Lecture joins the Center of the Earth and Sun, will coin- 
VII. cide with the common Section of the. Æquator and 
* Ecliptick; and will then be perpendicular to the. 
The difs. Axis of the Earth, or of the Æquator, becauſe it is 
rent Ila- in the Plane of the Zquator: But the ſame Line 
mination of 1s alſo perpendicular to the Circle which bounds 
the Paral- the Light and Darkneſs; and therefore the Axis of 
ll, ac- the Earth will be in the Plane of that Circle, which 
cording to vill therefore paſs through the-Poles of the Earth, and 
#be nl * will cut the Æquator and all its Parallels into equal 
1 „ Parts. When the Earth therefore is in the Begin- 
the Eclige ning of S, the Sun will be ſeen in Y, in the com- 
tick. mon Section of the Æquator and the ay * ; 
The A and therefore it will appear in the Celeſtial Æqui- 
pearances noctial, and will not be ſeen to decline to either of 
when the the Poles; but being exactly in the Middle between 
Earth is in both, it will then, 0 its apparent diurnal Revolu- 
Libra, and tion, deſcribe the Celeſtial Æquinoctial. In this 
the Sun is poſition of the Earth, the Sun wilt exactiy illumi- 
Fw nate the Earth from Pole to Pole; and, as we faid, 
©. the Circle bounding Light and Darkneſs will cut 
the Parallels exactly inte equal Parts; and every Point 
of the Eartb, being carried round by the vertiginous 
Motion, will remain as long in the obfcure Side, as 
it was in the Light or illuminated Portion of the 
Earth's Surface: And therefore at that Time, through 
the whole Globe of the Earth, the Day will be equal 
to the Night: From hence the Circle which that Day 
the Sun ſeems to deſcribe in the Heavens, has ob- 

| tained th&Name of Æguinoclial. | LITE 
The . T's Earth in its annual Motion going by De- 
pearances pon rouge m and F towards , and the common 
oben the ion of the Equator and the Ecliptick remain- 
Earth i: iz ing always parallel to itſelf, it will no longer paſs 
Capri- through the Body of the Sun; but in i it makes a 
corn. right Angle with the Line SP, which joins the 
Centers of the Sun and Earth : And beeauſe the 
Line SP is not in the Plane of the Æquator, but 
in that of the Ecliptick; the Angle BPS, which 
the Axis of the Earth makes with it, will not mw 
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be a right a but oblique ;* theſe two Lines Lecture 
making an Angle of 66; Degrees, which is the ſame VII. 
with the Inclination of the Axis to the Plane of the Com 


Ecliptick, Let the Angle SPL be a right Angle, 
and the Cjrcle boundin ng and Darkneſs will 
paſs through the Point L; and then the Arch B L, 
or the Angle BP L, will be 231 Degrees, that is 
equal to the Complement of the Angle BPS to a 


right Angle. 


Le mT the Angle BPE be a right Angle, and then 
the Line PE will be in the Plane of the Æquator: 
Therefore becauſe the Arches BE and LT are 
equal, each of them being Quadrants; . if the 
common Arch B T be taken away, there will re- 
main TE equal to LB equal to 23: Degrees. 
Take E M equal to ET, and through the Points 
M and T, deſcribe two parallel Circles TC, MN; 


the one Is called the Tropick of Cancer 8; the The two 
other the Tropick of Capricorn f. And the Earth Tropichs. 


being in this Situation, the Sun will ſhine perpen- 
dicularly upon the Point T, and then it will ſeem 
to approach the neareſt that it can come to the 


North Pole: And the Circle, which by the appa- 


refit diurnal Revolution of the Heavens, the Sun 
ſeems to deſcribe, will be directly over the Circle 
TC in the Earth, which Circle is therefore called 
the Celeſtial Tropick of Cancer. Now upon the 
Account of the Revolution of the Earth round its 
fixed Axis, all the Points of the Parallel TC will 
in their Turns 1 by the Point T, and will be 
directly under the Sun; and therefore the Sun will 
de vertical to all the Inhabitants that are under the 
Tropick of S, when he comes to their Meridians. 
While the Earth is in this Poſition, it is manifeſt, 

that the Circle which bounds Light and Dark- 
neſs reaches beyond the North Pole B to L; but 
towards the South it falls ſhort of the South Pole 
A, and reaches no further than F. Through L and 
F let two Parallels to the ÆEquator he deſcribed : 

Tarn e the the Polar Circles; thes 
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VII. 
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The Arc» 


tick and 


Antarc- 
tick Cir- 
cles . 


When the 
Days are 
longeſt. 
When 
ortet. 


tick. And while the Earth is in P, all that Tract 


of it which is included within the Polar Circle 
KE, continues in the Light, notwithſtanding the 
conſtant Revolution round the Aris; and the Inha- 
bitants there enjoy # continyal Day. On the con- 
trary, thoſe that lie within the Antarctia Circle 


remain in continual Darkneſs, having all Night 


without any Day. Beſides it is likewiſe manifeſt, 
that all the Parallels between the Aquator and the 
Arftick Circle, are cut by the Circle - bounding 
Light and Darkneſs, into unequal Portions ; the 
largeſt Portions of theſe Circles remaining in the 
Light, and the ſmalleſt in Darkneſs : But thoſe Pa- 
rallels which are towards the Antarctic Circle have 
their greateſt Portions in Darkneſs, and the leaſt in 
the Light; and the Difference of theſe Portions 
will be ,greater or leſs, according as the Circles are 
nearer to the Pole, or to the Æquator. Therefore 
in this Poſition of the Earth, when the Sun is ſeen 
in , the Inhabitants - of the Northern Hemiſphere 
will have their Days Vat the longeſt, and their 
Nights the ſhorteſt; and the Seaſon of the Year 
will be Summer: But in the Southern Hemiſphere the 
Inhabitants will have their Nights longeſt, and 
their Days ſhorteſt ; and they will be in their Winter 

AND in every Place the Length of the longeſt 
Days will be the greateſt, and the Nights the ſhorteſt, 
according as the Place is further removed from the 
Aquator, and comes nearer the North Pole, We ſee 
likewiſe, that of all the Parallels, there is only the 
Aquator which is cut into equal Parts by the Circle 
bounding Light and Darkneſs, they bemg both of 
them great Circles: And therefore it is only the 
Inhabitants of the Earth that live in the Æquator, 
that have their Days conſtantly equal to their Nights, 
throughout the whole Year. | 624 | 
..WHiLE the Earth goes on from If by =, X, 
to , in which Time the Su is ſeen to paſs 
v* ot 4 | through 
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through the Signs 5, N and m, he will appear to Lecture 


return by little and little towards the Æquator; VII. 


and when the Earth is arrived at Y, the Sun will. 


: 

: 
- 
o 


* 


appear in , where the common Section of the 
Æquator and the Ecliptick always keeping parallel 
to itſelf, will paſs through the Center of the Sun; 


and then the Sun will appear in the Ceteſtial Æqui- The 4 
noctial: At which Time the Days will again bepearances 
equal to the Nights, to all the Inhabitants' of thew-5en the 


Earth; juſt after the ſame Way as it was when Earth 


it in 


the Earth was in ©, in that Poſition the Circle Aries. 


bounding light and Darkneſs paſſing through the 
Poles. 

Tur Earth moving on through v, s and u, 
the Sun will be ſeen to go in the Ecliptick through 
, m and F, and will appear to decline from 


the ÆEquator towards the South; ſo that when the The . 
Earth is really in , the Sun will appear among thepearances 
Stars near the Conſtellation y. And whereas the wen the 


Axis B A does not change its Inclination, but does Earth 


is ia 


always retain its Paralleliſm, the Earth will have . 


the ſame Aſpect and Poſition in reſpect to the 8 
that it had when it was in yy; but with this Dif- 

ference, that when the Tract within the Po/ar Circle 
K L was in continual Light while the Earth was 
in Vf; now the £arth arriving at , that ſame 
. Tract will be altogether in Darkneſs, and the Beams 
of the Sun cannot reach it. But the oppoſite Space 


_ \ withing the Circle FG, will be in a continual Illu- 


mination, and at the Pole A there will be no Night 
for the Space of ſix Months. 

HERE likewiſe of the Parallels between the 
Aquator and the North Pale, the illuminated Por- 
tions are much leſs than the Portions which remain 
in Darkneſs; the contrary of which happened in 


the former Poſition. So likewiſe the Sun at Mid- 


day will appear vertical, or directly over Head to 


fo that it will appear to have deſcended towards the 
South from the Parallel TC to the Parallel MN, 
4 2 F 4 through 


all the Inhabitants that live in the Tropick MN, 


on 
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Lecture through the Arch CQN, which is 47 Degrees. 
VII. Therefore the Inhabitants of all Places of the Earth 
Gay hat are beyond the Tropicks, towards either of the 
Inbabi- Poles, have the Sun in their Summer 47 whole De- 
tants to- Frees nearer to their Vertex or to the Point di- 
ward each rectly over their Heads, than in the oppoſite Time 
Pole have of Winter. This Change of Situation in reſpect 
the Sun 47 to the Sunn, does not ariſe becauſe the Earth is raiſed 
or depreſſed, but on the contrary, becauſe it is no 
"3.:. , Where depreſſed, and no where raiſed ; but with its 
inert, #er- Axis keeps the ſame immutable Poſition, in reſpect 


ov of ws of the Univerſe, only going round the Sun which is 


Year than placed in the Center of its Orbit, and the Axis theite-_ 


another. Of retaining the ſame Inclination to the Plane of the 
Orbit, and the ſame Situation in reſpect to any other 

| fixed Line. X 
How-all ATL L we have here ſaid will appear evident to 
theſe Ap- our Eyes, if we light a Candle in a dark Room, 
pearances and take a ſmall Globe of two or three Inches 
may be re- Diameter, in which we muſt mark the Poles, the 
prejented to Æquator, ſome Parallels, and ſome Meridians, or 
the Eye. Circles paſſing from Pife to Pole: Then we mult fo 
| hold this Globe before the Candle, that its Axis 
may not be perpendicular to the Plane of the Table 
on which the Candle ſtands; but let it be inclined to 
it, in an Angle nearly of 663 Degrees: Then place 
the Globe in ſuch a Manner, that one of its Poles 
may point directly Northward ; and let the Light of 
the Candle firſt reach from Pole to Pole; that is, 
let the Circle bounding Light and Shadow firſt paſs 


through the two Poles of the Globe: Then let the 


Pofition of the Axis be well obſerved, and then move 
the Globe round the Candle with your Hand, in a 
Circle parallel to the Horizon, holding it fo that the 
Axis may always point the ſame Way, and retain 
the ſame Inclination to the Horizon, This done, 
you will ſee that the Flame -of the Candle will in 
the ſame Manner illuminate this Globe, as the Sun 
actually does the Earth: and the Poles of the 


Globe, its Aquator and Parallels, will undergo the. 
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is upon the North or South Side of the Ecliptick. So 
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ſame Viciſſitudes of Light and Darkneſs, which we Lecture 

have now explained. - VII. 
ITA E like Phenomena or Appearances may be ob: 

ſerved from any other Planet that turns round its 7 [jk * 

Axis. For Example: Jupiter performs his Gyration 4ppraran- 

in the Space of ten Hours; and therefore a en ces from 

or an Inhabitant of Jupiter, will ſee the whole Hea- any veher — 

vens, and even our Earth together with the Sun, to Planet 

have a rapid Motion round his Body in the Space of at ns 

of ten Hours: But the Aris of Jupiter is very near- Aus * * 

ly perpendicular to the Plane of his Orbit, and 

therefore the Circle bounding Light and Darkneſs 

in 7 * does always nearly paſs through his Poles; 

and therefore the Days and Nights in the Planet are 

almoſt conſtantly equal. Hence it ſeems that Vor ian, 

enjoin an uniform temperate Seaſon, without being 

uneaſy at the approaching Heats of the Summer, or 

the Colds of the Winter. 0 

Ix through the Center of the Sun or Earth (it The Axis 

is no Matter which, for theſe two Points at the Di- Abe E- 

ſtance of the Stars will ſeem to coincide) there be cliptict. 

raiſed a Line which is perpeydicular to the Plane of 

the Ecliptick, and this Line be produced to the 

Heavens, it is called the Axis of the Ecliptick ; and 

the two Points, which this Line on both Sides pro- 

duced, does tend to in the Heavens, are called the 

Poles of the Heavens. Now if we imagine great The Poles. 

Circles to paſs through theſe Polzs, and by every 

Star or Planet, they will all be perpendicular to the 

Plane of the Ecliptick. Theſe Circles are called Se- The Secon- 

condaries of the Ecliptict, or Circles of Longitude. And daries of 

an Arch of one of theſe Circles intercepted between he Ecizp- 

any Star and the Ecliptick, is called the Latitude of*ict. 

that Star, or its Diſtance from the Ecliptick; which The Lati- 


may be either Nor: or Scuth, according as the Star get 92 


alſo an Arch of the Ecliptick between the firſt Point 

of , or its Interſection there with the Æquator, and 

the Point were the Circle of Longitude paſſing The Lox- 

through a Star, cuts the Ecliptick, is called the 3 a 

gitude of that Star, | $250 
AFTER 
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Lecture ArTE R the ſame Manner if there be conceived 
VII. innumerable Circles to paſs through the two Poles 
of the Earth, and through each Place on its Sur- 
' face, they will all be perpendicular to the Aquator, 
and they are called Secondaries of the Æquator: But 
in reſpect of the Places through which they paſs, they 
The Meri- are called Meridians; becauſe when the Sur is ſeen 
dan, in any Place, in the Plane of ſuch Circle, it will be 
| Mid-day to the Inhabitants of that Place. The Arch 
of one of theſe Secondaries intercepted between any 
The Lati- Place and the Æquator, is called the Latitude of the 
inde of @ Place, or its Diſtance from the Æquator, which may 
Placc. be likewiſe either Nerth or South: And that Arch of 
the Equator, that lies between the Interſection of 
the ſecondary paſſing through any Place, with the 
Aquator, and any other fixed Point in the Æquator, 

— Longi- is called the Longitude of that Place. 
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LECTURE VIII. 


Concerning ſeveral other Phænomena or Ap- 


Lecture 


pearances, which depend on the Motion of 


the Earth. 


S232 INCE the Earth turns fo round the 
S Sun, that its Axis always remains pa- 


this Axis, at different Seaſons of the Year 


rely over the Pole of the Earth in the Summer, ſhould 


"Y rallel to itſelf, it ſeems neceſſary that 


ar or Point of the Heavens, which is di- Cs 
h 


not be ſo directly over it in the Winter; but that the 9ug#: 1 
Axis ſhould point to another Star, whoſe Diſtance t 10 


from the former ſhould be equal to the whole Diame- - 


ter of the Earth's Orbit. 
whoſe Center is the Sun 8; AB the Diameter o 


Fo x let ACBD be the Orbit of the Earth, in one 
the 


ifferent 


tars af 


Tine of 
Fear. 


the Orbit: When the Earth is at A, its Axis is Plate IV, 
directed to a Star E, which is directly over the Fig. I. 


Pole of the Earth: Now when the Earth comes to 
the oppoſite Point of the Orbit B, the Axis bein 
in a Pofition parallel to its former Poſition, it wil 
no longer point to the Star E, but to another Star 
F, which two Stars will be diſtant from each other 
the whole Length of the Diameter of the great Or- 
bit. But the angular or obſervable Diſtance of the 
Stars is the Angle E B F, whlch is equal to the An- 
gle AEB, by the 29th Prop. 1ſt Book of Euclid, 
ut the Angle AEB is the Angle under which the 
Diameter of the great Orbit, or Orbit of the Earth, 
is ſeen from the Star E, which Angle EB F or 


AEB 
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Lecture AEB is called the Parallax of the great Orbit ; and if it 


VIII. 


could be obſerved, we might by it find the Diſtance 
of the Star E, from the Earth, in reſpect of the Sun's 


The Paral- Diſtance from us. For in the Triangle EAB, we 
lax of the have the Angle E, which is equal to the Angle EBF, 


great Or- 
bit. 


T his Pa- 
rallax 
Searcely to 


be ob/erv- 
ed. 


The Di- 
ance 
the Stars 


uncertain. 


which we ſuppoſe we can obſerve; we have like- 
wiſe the Angle EA B, which in the Equino#ial*Points 
is always a right Angle; and in the Solſſices it is equal 
to the Inclination of the Earib's Axis.to the Plane 
of the Ecliptick, and is always equal to the viſible 
Diſtance of the dm from. the Poſe + Hence in this 
Triangle we have all the Angles : we have likewiſe 
the Side A B, and conſequently, by Trigonometry, we 
can find” the Side AE, or EB, the Diſtance of the 
Star E from the Earth. 


Bu T the Truth js, that the Diſtance of the Stars/ 


is ſo great in reſpect of A B, and the Angle EBF 
is ſo very ſmall, that there can be no Inſtruments 
made nice enough to obſerve it exactly; and they 
who have taken moſt Pains to find it out, coul 
never obſerve it to be ſo great as one Minute: 
And fince in the Obſgrvation of ſuch ſmall Angles, 
Errors are ſcarcely to be avoined, and ſuch too as 
will in the Computation produce prodigious Dif- 
ferences in the Diſtances which depend upon them, 


7 


we cannot ſafely truſt ſuch Obſervations: For if, 


with Mr. Flamſteed, we ſhould ſuppoſe the Parallax, 
or the Angle EBF, to be 42 Seconds, and there be 


an Error committed in Gbſervation, which makes 


the Angle 25 Seconds greater than it really is, (and 
no Man can be ſure that he has not committed ſuch 
an Eiror) the Diſtance of the fixed Stars, in that 
Caſe, will really be double of what our Obſervation 
makes it. But if the Obſervations happen to be leſs 
accurate, ſo that there may be a Minute or more be- 
tween them and the Truth, (and moſt of our Obſer- 
vations are ſuch) the Diſtance that ariſes from the 
Computations made upon ſuch Obſervations, will be 
prod:giouſly wide of one another, and all of them 
very ditferent from the Truth. 


— — 
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HITHERTO we have ſuppoſed the Axis of the Le&ate 


Karth to have remained in an immutable Poſition, 
and to have continued in an exact Paralleliſm, and 


that the Earth had only two Motions, one Annual 73. Axis 
round the Sus, the other Diutnal round its Avis. of the 


But the A/fronomers, from the Obſervations of many 


Years, have found that the Axis of the "Earth has not pre- 
not exactly kept its Paralleliſm, but has deviated a/*re an 
little from that Poſition ; ſo that though the Varia- * Fa- 


tion in the Space of two or three Years be ſcarcely ! 
ſenſible, yet in many Years, or in a Century or two, + 

it is very obſervable : And therefore, while we were 
explaining the Appearances of one Year, we ſpoke 
nothing of this Aberration.; for that could no Ways 
diſturb the Phenomena that were then to be explained; 
yet in the Compaſs of ſeveral Years this Mutation 
or Change of the Pofition of the Earth's Axis be- 
comes very remarkable. So the Direction of the 
Axis has been ſenfibly changed, though its Inclination 
to the Plane of the Ecliptick has remained the ſame; 
and from hence we find, that the Aus of the Earth 
has another Motion, which is ere to be explained. 


Leer the Line DCH repreſent a Portion of the Plate IV. 
Earth's Orbit, and let the Center of the Earth be Fig. 2. 


C; from which eret C E perpendicular to the 
Plane of the Ecliptick, meeting with the concave 


Surface of the Heavens in E: This Line C E will The Axis 
be the Axis of the Ecliptick, and E the Pole of of the E- 
it. Let CP be the Axis of the Earth produced chick. 


to the Heavens; P will be the Pol? round which 
the Heavens have an apparent diurnal Revolution. 
Through the two Points E and P, draw a great 
Circle EPA, which paſting through the Poles of 


both the Ecliptick and Zquator, will be perpen- .. 


dicular to both thoſe Circles. Let it meet with 
the Ecliptick in A; the Arch PA will meafure 
the Angle PC H, which is the Inclination of the 
Axis of the Earth to the Plane of the Ecliptick; 
that is, it will be 664 Degrees; and therefore the 
Arch EP, which is its Complement to a _—_ 

rant, 


1 
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drant, will be 231 Degrees; which Arch will mea- 
ſure the Angle ECP, that the Axis of the Eclip- 
tick and the Aquator make with one another. 
From the Pole E, deſcribe through P a leſſer Circle 

FG, which will be parallel to the Ecliptick ; 
and fince the Axis of the Earth always keeps the 
fame invariable Angle with the Axis of the Eliptick, 


backward jt will always be directed to ſome Point in the Pe- 


in a leſſer 


riphery PF G, and the Pole of the World muſt 


Circle pa- always be ſomewhere placed in it: So likewiſe, if 


rallel to 
the Eclip- 
tick, 


the. Axis of the Earth retained the ſame Direction 
without any Change, as often as the Earth came 
to the Point of its Otbit C, the Pole of the Heavens 
would be conſtantly in the indi viſible Point P: But 
we find, that the Pele of the World does conſtantly 
change its Place in the Periphery PF G; and the 
Axis of the Earth, which before pointed to P, after 
72 Years will look to another Point Q, which is 
one Degree from P towards the ei. And by this 
Means, the Axis of the Earth, or of the World, 
is carried in a Conical Motion, or deſcribes the Sur- 
face of a Cone, whoſe Vertex is in the Center of 
the Earth, and its Va is the Circle PF G; and 
the Pole P will conſtantly move in the Periphery 
PF G, with a very flow and retrogade Motion, 
from the Eat to the Ve, and does not finiſh its 
Circulation in leſs than 25920 Years; after which 


Time the Pole, having left the Star at P, does again þ 


return thither. Hence it follows, that the Star which 


The Sol- 


is now. the Polar, and directly over the Pole of the 
Earth, after 12960 Years, which is half the Period 


of the Polar Revolution, will be 47 Degrees diſtant 


from the Pole, which will then be directed toG. 
TAE Circle EPA being perpendicular to both 


ſtitial Co- the Ecliptick and the Aquator, will be the Sol- 


lure, 


fiitial Colure, and A will be the Solſtitial Point, which 


Point of the Ecliptick is moſt diſtant from the Aqua; 
tor : Now, after the Axis of the Earth produced 
comes into the Poſition C Q, if there be drawn 
through the Poles of the Ecliptick and the Æquator 

| | the 


e 
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the Circle E Q B, this Circle will then be perpendi- Lecture 


cular to both Equator and Ecliptick; and therefore, VIII. 
when the Axis of the Earth is in the Poſition C. 
the Circle E Q will be the So{/itial Colure, and the 
Solſtitial Point will be B, where that Circle interſects 
the Ecliptick ; and therefore the Solſtitial Points will 74; Solfti- 
move backward equally with the Poles ; the Motion tial Points 
of the Pale being in the Circle PQ Q, which is moveback- 
parallel to the Ecliptick, the Arches P Q and JA B ward. 
will be like or fimilar ; ſo that when P Q 1s an Arch 
of one Degree, A B will likewiſe be an Arch of one 
Degree. | yo 
HEN CE the Solſtitial Points will always be re- 
ceding from the Stars backward, ſo that if the Sol- 
titial Point be this Day near the Star A, after 72 
Years, it will be in B, one Degree removed towards 
the Met of the Star A. And fince the Sol/{itial 
Points move conſtantly backward, the ÆAquinoctial M 
Points, which are always go Degrees diftant from The /Zqui- 
the Solſtices, will alſo move - conſtantly backward ; nei 
and ſo likewiſe muſt all the other Points of the E- Pont. 
cliptick neceſſarily move bock, equally with the“ . 
Selſtices, becauſe they keep conſtantly the ſame Di- 3 
ſtances from them. Thus, fince between the Sl. 
ſtice, and the Interſection of the Æquator and the 
Ecliptick, there are 90 Degrees, or a Quadrant of 
a Circle, when the Salſtice has moved one Degree 
Weſtward ; the AÆquinoctial Interſection muſt like- 
wiſe move one Degree Heſtibard; otherwiſe they 
could not always keep the ſame Diſtancefrom one 
another. Therefore the Equinoctial Points, and 
all the other Points of the Ecliptick, do move con- 
tinually backward, or towards the Ve. And The Mo. 
this Motion is ſaid to be in Antecedentia, to the trons in 
Weftward, and contrary to the Order of the Signs: Antece- 
s the other Motion, whereby the Earth and all dentia. 
95 Planets are carried round the Sun to the £a/t- The Mori- 
rd, is ſaid to be in Canſeguentia, in Conſe- ens in Con- 
quence, or according to the Order of the Signs, ſequencia. 
that is from y, 8, u, Cc. And this * 
e 
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Lecture ward Motion of the ZEquinodtial Points is called the 


VIII. Preceſſion of the Æquinoxes, by which they are 


carried conſtantly back unto the preceding Signs or 
Preceton Stars, and fall more and more behind the ſucceeding 
of the Z. Stars. 5 
quimoxes. SINCE the fixed Stars remain immoveable, and 
the common Interſection of the Equator and the 
Ecliptick ' conſtantly falls backward, it muſt neceſ- 
ſarily happen, that the Diſtance of the Stars from 
the Æquinoctial Points be conſtantly changed, and 
De Motion the Interſections moving We/tward, the Stars will 
of the . ſeem to remove more a 
quinodtial Yo of the Æquinoctial Points: And therefore the 
1 4 = 5 of the Stars which are computed from 
makes the the firſt Point of ., or the vernal Interſection of 
the ' Aquator and Ecliptick, muſt conſtantly in- 


2 creaſe; and all the Stars will ſeem to have a Mo- 


forward, tion E /itoard, not that they have really any ſuch 


or to the Motion, but becauſe the Equinoctial Point has a 
Eaft, contrary Motion to the Vet; ſo that the Diſtances 
of the Stars or their Longitudes from the firſt 
Point of Y reckone M Eaſtward, becomes conſtantly 


bi 
* 3 wt 


+» greater. N 


changed their Places, and have deſerted the Stations 
they kept, when they were obſerved by the firſt 
changed KN Thus the Conſtellation of the Nam, 
their which in Hipparchus's Time was near the Vernal 


Placa. Interſection of the Aquator and Ecliptick, and 


gave its Name to that Portion of the Ecliptick, is 
now removed from that Interſection a whole Sign, 
or a twelfth Part towards the Eaſt, and is got into 
the Sign or Portion of the Ecliptic called 8, or 


the Bull. Thus alſo the Conſtellation Taurus, or the 


Bull, does now reſide in Gemini, or the Twins ; and 
the Stars which are called Twins, are at this Day 


advanced to S, or the Crab; the Stars in the 


Crab are got into the Place which was formerly 
poſſeſſed by the Lion, and the Lien has driven 


the Virgin -a whole Sign forward; and ſo ever 
70 ; Conſtel- 


more Eaſtward in re-. 


The Con. ©. HENCE it is, that all the Conſtellations have | 
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Conſtellation has fince the firſt Obſervation changed Lecture 


Place with the following. But here it is to be ob- 
ſerved, that though the Conſtellations or Images 
have left their Places, yet the twelve Portions of 
the Ecliptick, which are called Dodecatimoria, re- 
tain ſtill the ſame Names which oY had at firſt 
in the Time of Hipparchus: But to diſtinguiſh them 
from the Conſtellations, the Portions of the Eclip- 
tick are called Anaftrous Signs, or Signs without 
2 and the Conſtellations are called the Starry 
igns, 

SOME antient Afranomers ſuppoſed the Interſec- 
tions of the Æquator and Ecliptick to be immove- - 
able ;- and becauſe they found that the Stari changed 
their Diſtances from theſe Interſections, they there- 
fore imagined the Orb or Sphere in which the fixed 
Stars were placed, to have a flow Revolution 
the Poles of the Ecliptick ; ſo that all the Stars per- 
formed their Circulations in the Ecliptick, or its Pa- 
rallels, in the Space of 25920 Years; after which 
Time the Stars would again return to their former 
Places. This Period of Timy, which is five times 
greater than the Age of the World, they called the 
great Year ; and imagined that when it was finiſhed, 
every Thing would begin again, and all Thin 
happen and come up in the ſame Order they 
now. | 

TAE phyſical and efficient Cauſe of the Preceſ- 
fion of the Equinoxes, was unknown to all the 
Aſtronomers before Sir Isaac NEewrTon ; none of 
them being able to,gueſs from whence it did pro- 
ceed. But Sir Isaac NewrToN, having confidered 
the Laws of Motion and Gravity, hath clearly de- 
monſtrated, that it doth ariſe from the broad ſphe- 
riodical Figure of the Earth And that this broad 
ſperiodical Figure ariſes from the Rotation of the 
Earth round its Axis, Ae 


ALTHo” the Earth in its annual Motion does ſo The tion 


go round the Sun, that it always performs its Period 
in equal Intervals of Time; yet its Motion in its 
Orbit is obſerved not to be equable and uniform,“ O 
*7_/c-/ G but 


# 


— 
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cure but in ſome Places it moves quicker, in other Places 
Hl. it flackens its Pace; and therefore the apparent 

Motion of the Sun in the Ecliptick cannot be re- 


— 


ular and uniform; and he is not obſerved to go 
N ugh. the ſame Space of tlie Ecliptick every Day. 
n our Summer he is obſerved to go with a flower 
Motion, in our Winter he moves ſomewhat faſter z 

and the Dilference of theſe Motions in Summer and 
2 Winter is ſuch, that bis Place in the Ecliptick is 
— e, ſometimes tivo Dagen above og,» it would be, if 
Days Ses he had yoo non f ept the ſame Pace; and ſome- 
longer than times it is two Degrees leſs: On Which Account 
inter. the Sun is obſerved to 18 near eight Days more 

Time in the Northern Signs of the Ecliptick, than 

in the Southern Signs: ſo that from the Time of 


the Sun's Dong 18 the Vernal Equinoctie, till his 


utuninal, there are 1864 Days; 


coming into the Autu | 
in which Time by his apparent Metion he is feen to 
deſeribe one half of the Ecliptick, But from the 
Autumna! Equinoctie to the Yernal, there are only 
1784 Days, in which Space of Time he finiſhes his 

ourſe 8 the Half of the Ecliptick, and 
7 0. all the Southern! Conſtellations. We are alſo 
ured by the Obſervations of A/tronomers, that the 
apparent Diameter of the Sun, in Winter, when the 
Motion of the Sun is quickeſt, is greater than the 

The appa- apparent Diameter in the Summer, when he ſlackens 

rent Dia- his Pace; and the Difference is ſo great, that when 

meter of the Sun appears biggeſt, he is ſeen under an Angle 
the Sun -of 32 Minutes 47 Seconds; but when he appears 
greater in leaff he ſubtends an Angle only of 31 Minutes and 

Hinten go Seconds; and therefore the Sun muſt be farther 

than from us in Summer than in Winter. 

_ 8 oM Aſtronomers, too pertinaciouſly keeping to 
circular Orbits, that they might give a ſatisfactory 
Account of theſe Appearances, ſuppoſed that the 
Earth did really move with an equable Motion in 


the Periphery of a Circle, and that if it were ſeen 


| from the Center of that Circle, it would be ob- 
ſerved to deſerible equal Angles round it; but they 
ſuppoſed the Sun to be removed from that Center at 

. ſorae 
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ces ſome Diſtances. Let the Circle ABCD be the Or- Lecture 
ent bit of the Harth, whoſe Center is E, and imagine VIII. 

re- the Center of the Sun not to be in E, but in 8. 
go Now when the Earth is in A, the Sur will be ab- plate IV. 
ay. ſerved in the Point Y; and when the Earth comes Fig. 3. 
wer to B, the Sun will be obſerved in 8: And again, The lotion 
er z the Earth being arrived at C, the Sun will appear f the 
nd in ; ſo that while the Earth deſcribes the Arch in 


ne- the Ecliptick ; and the Sun will feem to have per- 
unt formed his Journey through other half, while the 
ore Earth is deſcribing the other Portion of her Orbit 
an ADC. Now fince the Arch ABC is greater than 
of the Arch ADC, it is eaſy to (ee, that the Sun muſt 
his take more Time to deſcribe, by its apparent Motion, 
7s ; that half of the Ecliptick , 25 , than the other 
to S, Vf, . Moreover, when the Earth is in B, it 
the is further diſtant from the Sun than when it is in D: 
aly And if its Motion were in itſelf perfectly equable, yet 
his when it is ſeen from the San, which is not the Cen- 
nd ter of equable Motion, it would from thence appear 
Iſo to be unequal : In B it would dppear to be floweſt of 
the all, and in D to be the quickeſt of all. But the ap- 
he parent Motion of the Sum in the Ecliptick is conftantly 
the equal to the Motion of the Earth ſeen from the Sun; 
ens and therefore by this Suppoſition we can give an eaſy 
en Account why in our Summer the 84x appears to have 
ole a flow Motion, and im the Winter a quicker ; ſo that 
ars the unequal Motion of the Sus or Earth is not ſo in 
nd reality, but only Optical and apparent; axiſing only 
1er from this, that the Sux is not exactly in the Center 
of the Earths Orbit in E, but at ſome Diſtance from 
to it at 8: So they affirmed, that a Spectator in E would 
Ty always obſerve, that the Earib had a moſt exact uni- 
he form Motion round that Center in its Orbit. 
in Tris Hypotheſis appears at firſt Sight to be fimpſe 
en enough, and to anſwer well the Appearances we 
b- have related; and all the A/iranomers before Kepler 
ey embraced it as a true m——_ For they held it 
at 8 2 or 
ae 


ABC, which is more than a Semicircle, the Sun an 1 ꝗ — 
will appear to have gone through but one half of i 
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Lecture for an undoubted Truth, that all the Motions of the 
VIII. Heavens were exactly circular, and in themſelves 
equable :* But after the great Kepler had more accu- 
rately ſurveyed theſe Motions, and relying upon the 
Obfervations of the moſt induſtrious 750% Brahe, he 
The true then found that the circular Hypotheſis would by no 
' Motiens of Means anſwer to the true Motions of the Planets : 
thePlanets And by a moſt certain and infallible Method of Rea- 
are nit her ſoning, he has ſhewn, that the Motions of the Planets 
in Circles axe neither equable in themſelves, nor are their Orbits 
nor equa- exact Circles. For by the Obſervations of Tycho, he 
„ is Bas proved beyond all Diſpute, that the Figure of a 
The mn uM planetary Orbit is an Ellipſe, which is deficient from 
Hick £ Pla. a Circle, or of the Form of. an Oval ; and that the 
fog Planets Motion in this Ellipſe is really unequal, ſome- 
times quicker, and ſometimes ſlower ; and that, ac- 
cording to its Diſtance from the Sun, the Planet flack- 
ens or quickens its Motion. | | 
plate V. No w the Ellipfs is a curved Line Figure, which 
Fig. 4 the Geometers commonly ſhew by cutting a Cone or 
The De- a Cylinder obliquely : But its Nature will be more 
feription of clearly apprehended by Beginners from the following 
az Ellipſe. Deſcription : Imagine wo ſmall round Sticks to be 
faſtened in any Plane or Paper, one in the Point H, 
the other in. the Point G ; and ſuppoſe a Thread 
doubled with the two Ends tied together, whoſe 


Length muſt be greater than the Diſtance of the 


Points G and H, which Threadyput over the two 
round Sticks: And let there be a Pen put in the 
doubling of the Thread, which may keep it always 
ſtretched with the ſame Foꝛca. This Pen, going in 
this Manner round, will deſcribe by its Motion a 
curve Line, which is the Ellipſe we now ſpeak of. 


And if without changing the, Length of the Thread, 


we ſhould bring the round Sticks a little cloſer to- 
gether, we ſhall then have another Ellipſe of a dif- 
ferent Kind from the former, and which will come 


nearer to a Circle: And by bringing them ſtill 


nearer, we ſhall always change the Form of our El- 


lipſe, and bring it. nearer to a Circle, till the Sticks 


came to be joined together in one; and then the 
| Pen 


Py 


«.- a i. 24.4 To Sos A. A 
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Pen in the doubling of the Thread will deſcribe an Lecture 

exact Circle. Either of the Points G or H is called VIII. 
the Focus or Nave of the Ellipſis; and if we biſect 
HG in C, the Point C is called its Center; the 74, Focus 
Line D K paſſing through each Focus, and at each er Umbi- 
End meeting with the Ellipſe, is called its Axis licus. 
Hence it is evident, that if from any Point of the The Axis. 
Ellipſis there be drawn to the two Pocus's, as for Ex- 
ample from B, two Lines BH and BG, theſe two 
Lines joined together will always be equal to the Axis 
of the Ellipſis, and likewiſe equal to the Length 
of the Thread, bating the Diſtance of the two Fo- 
cus 8s. | me 
Nov though this be the Form of the Orbit which 
the Planets deſcribe, yet the Place of the Sun is not 
the Center of it, but he takes his Reſidence in one 
of the Focuss: And the Axis of the Ellipſe AP is 
called the Line of the Apfdes ; the Point A is term- plate IV. 
ed the higher Ap/is, and the Aphelion ; the Point P is Fig. 5. 
called the lower Apfis, and Perihelien: And S C the The higher 
Diſtance between the Sun in the Fus and the Cen- Apſis or 
ter, is called the Excentricity. „If from the Center C, Aphelion. 
there be erected upon the Axis the Perpendicular 20% lower 
CE, meeting with the Orbit in E, and there 12 
drawn from the Focus the Line 8 E; this Line 3 2 
called the Mean Diſtance of the Planet from the Sun, h Ex. 
which is equal to Half the Axis ; it exceeding the centricity. 
ſhorteſt Diſtance by as much as the longeſt Diſtance The Mean 
exceeds it. Diſtance. 

I x the planetary Orbits, the Forms of the El- 
lipſes do not differ much from Circles ; and in the 
Orbit of the Earth, the Excentricity SC is only 
17 of ſuch Parts as SE the mean Diſtance con- 
fiſts of Tooo, which Excentricity is but half of 
that which the AMHronomers that ſuppoſed circular Or- 
bits, attributed to the Diſtance of the Sun from the 
Center. 

Trae Motion of a Planet in the Periphery of an 73, Rule 
Ellipſe, is not at all equable ; yet it is regulated by 35 hich 
a certain immutable Law, from which it never de- She Planet: 

| G 3 viates Mations, * 


— 22 — 
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Lecture viates which is, that a Line or Ray drawn from 
VIII. the Center of the Sun to the Center of the Planet, 
| which is carried about with an angular Mation dots 

are gr ſo move, that it deſcribes or ſweeps an Elliptick 

Jared, is Area, always proportional to the T'ime. Thus let 

the equahle the Planet be in A, from whence in a certain Time 

Dy/eripti- let it go to B; the Space or Area the Ray S A de- 

on of Ellip- (cribes, is the Triline ASB : When afterwards the 

tic Areas. planet comes to P, and from the Center of the Sun 
8, there be drawn the Line SD, ſo that the Ellip- 
tick Space or Area PS D, may be equal to the 
Area $058; then in that Caſe, the Planet will 
move through the Arch PD, in the ſame Compals 
of Time that it did through the Arch A B, which 
Arches muſt be unequal, and nearly in a recipro- 
cal Proportion to their Diſtances from the Sun; for 
becauſe of the equal Area's, the Arch PD muſt be 
ſo much in Proportion greater than the Arch A B, 
asS A is greater than SP. This Law is ſufficiently 
demonſtrated by the moſt ſagacious Kepler, in bis 
Book which he intituled Commentaries on the Mo- 
tion of the Planet Mrs. And unto this his In- 
vention, all the 4/iramomers do now give their As- 
ſent ; for there is no other Rule to be found, which 
fo well ſatisfies all the Appearances of the Plants 
Motions. | 


The Mean An Arch of a Circle, or an Angle, or the El 


Anomaly. liptick Area A S G, taken proportional to the Time 
A vbich the Planet deſcends from A to G, is called 

the dean Anomaly of the Planet. But the Angle 

AS G, when the Planet comes from A to G, is 
The true Called its true Anomaly. But when the Motion of 
Anomaly. the Planet is reckoned from the vernal Interfection 
TheMotionof the is pray and the Ecliptick, or from the Be- 


3 ginning of ꝙ, it is called its Motion in Longitude ; 
hy. - 


which is either a mean Motion, ſuch as the Planet 
would have, did it move uniformly in a Circle round 
the Swi, or elſe the true Motion wherewith the 
Planet deſcribes its Orbit, and is reckoned by the 
Arch of the Ecliptick it is ſeen to deſcribe z which 

| true 
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true Motion is ſometimes accelerat and ſometimes [L-&ure 
retarded, according to the Diſtance of the Planet from VIII. 


. 


the Sun, in the various Points of its Orbit. | 
B v this Means, for any given Time after that the 9% Derer- 

Planet has left its Aphelion, we find out its Place in mination 

its Orbit, viz. Let the Area of the Ellipſe be fo 1 

vided by the Line SG, that the whole Elliptick Area Place in ig 

may have the ſame Proportion to the Area A868, ay Orbit- 

the whole periodical Fime wherein the Planet d 

ſcribes its Orbit, is to the Time given; and then 

will be the Place ef the Planet in its Orbit. FT 

Geometers have given ſeveral Methods for dividing in 

this Manner the Area of an Ellipſe; fome of which 

we will ſhew in its proper Place. + tas 
SINC 8 in our Summer we are further from the . 

Sun, and when Winter comes on, we begin to ap- Sun's 85 

proach him; ſome may wonder why the Earth 1 "he 

grows warmer, while it is ſtil} ſurther removing ber 

from the Sn; and again in the Winter, why it . 

ſhould be colder notwitſtanding its nearer Acceſs 4 

him. But we muſt obſerve, that the grees © 

Heat and Cold do not altogether deper n the 

Diſtances from the Sun ; but =_ are other power- 

ful and concutring Cauſes, which have certain Ef. 

fects in this Matter: For, firſt of all, the direct 

Force of the Sun's Rays is much ſtronger, than 

when they are received obliquely : Now in the Wip- 

ter the Rays fall upan the Earth very obliquely, a! 

their Power is not only diminiſhed on the Accour 

of their Obliquene(s, but alſo becauſe the Light i 

not ſo denſe, there being much fewer Rays which 

can come to a certain N of the Surface to 

heat it. Moreover che San being low in the Hori- 

aus all the Winter, the Beams pafs through a much 

greater Quantity of Air, or are deeper immerfed in 

our Atmoſphere in the Winter, than they are in 

Summer, When the Sun approaches nearer to our 

Vextex, and the Force of the Rays is broke by the 

Reflechions on ſo many Particles of Air: And the 

Difference is fo very great, that when the Sus is in 

the Horizon, we can look upon him without hurt- 


88 ASTRONOMICAL 
ctute in our Eyes; but when he riſes higher, there is na 
V III. enduring his Sight without blinding us. 
| B v T there is another very powerful Cauſe which 
Fro Day: produces. the Variety of Seaſons ; which is, that the 
langer than longer any hard and ſolid Body is expoſed to the 
the Nights, Fire, the hotter it grows. Now in the Summer for 
nnn Hours we are continually in the 8½'s Heat, 
at, nd we have only eight Hours in the Night to cool : 
The contrary of which happens in the Winter, and 
herefore it can be no Wonder, that there ſhould be 
great a Difference of Heat ,and Cold in theſe two 
Seaſons. | | 
S1NnCE the Power of the Sun is greateſt when his 
Rays fall upon us moſt directly, and when the Days 
are longeſt ; it would ſeem that the greateſt Heat 
ought to be when the Syn enters the Tropick of  ; 
| for then the Sun comes neareſt to our Vertex, and 
lieth longeſt upon us. But Experience ſhews us, that 
we have the greateſt Heat after that the Sun has left 
the Tropick; and the Seaſon becomes warmeſt a- 
bout the End of Fuly, in the Dog- Days, when the 
Sun has paſſed the I ropicks and is removed from it 
above a whole Sign. | | 


mer Tro- Tropick, the Number of Particles which heat our 
pick. Atmoiphere and Earih does conſtantly increaſe, there 
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entering more in the Day-time than what we loſe Lecture 
in the . = — n Heat _ VIII. 
grow greater. Let us ſuppoſe, tor Example's ſake, _ — 
that e a hundred — Particles received in 
the Day - time in Sun bine, and the Night being much 
ſhorter, there ſhould fly off only fifty of them, other 
fifty ſtill remaining there to excite Heat: The next 
Day, the Sun acting with almoſt the ſame Force, 
will impart another hundred Particles, of which no 
more than one half will fly away in the Night; ſo 
that on the Beginning of the third Day, the Number 
of Particles exciting Heat, will be. increaſed by one 
Hundred: And thus, while there are more Particles 
that excite Heat received in the Day-time, than 
what fly away in the Night, the Heat will conſtantly 
grow ſtronger. But then as the Days decreaſe, and 
the Action of the Sun becomes weaker, there will at 
aſt be more Particles that fly away in the Night-time, 
than what we receive in the Day time; by which 
Means the Heat of a Body will grow every Day leſs, 
and the Zarih and Air will by Degrees cool. 
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LECTURE m. 
Of the Moon, its Phaſes and Motion, 


r all the Bodies in the Heavens, if you 


* 
- 


The Moon MES 

#5 an Atten- FL BY except the Sun, the Aron appears to be 
dant on the the moſ} ſplendid and ſhining Globe, and 
Earl. does more particularly belong to cur 


Farb, of which ſhe is an inſeparable 
Companion. And fthe does conſtantly abide fo 
much in our Neighbourhood, that if the were looked 
at from the Sun, ſhe couſd never be ſeen to de- 
part from us by an Arch greater than ten Mi- 
nutes. She therefore is tied to the Earth and waits 
upon her as an Attendant, going along with the 
Earth round the Su in the Space of a Year; but 
in the mean Time the has a proper Orbit of her 
own, which the deſcribes round the Earth in the 

| Time of a Month. = 

Te has va. T HE Primary Planets have the Sus, which they 

rious regard as a Center, for the Regulator of their Mo- 

Shapes andtions; and ſometimes they approach us nearly, at 


Fbaſu. other Times they move away to a great Diſtance 


from us. But the Aan, like an Earthly Body, is 
kept in our Neighbourhood by a natural Propenhon 
or Gravity towards us; by the Means of which it 
is conſtantly turned out of a rectilinear Courſe, and 
is obliged to perform its Revolution round about us, 
in the Space of 27 Days and ſeven Hours. The 
Moon puts on ſeveral Phaſes and Appearances, and is 
always changing its Figure; and with the Multitude 
of her Forms, ſhe has frequently puzzled the Minds 
and Underſtandings of thoſe Philoſophers, who have 
moſt contemplated her: Sometimes ſhe increaſes and 
” grows 


o 
— 


SS. 
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97 
grows bigger, then again ſhe wanes, and diminiſhes, L. ecturd 
as it ere, in old Age ;'fometimes the is bended au- IX. 


to Horns, and then again ſhe appears like a f 


Circle ; at other Times ſhe tvoks gibbous or hump- 
backed, and immediately the aſſumes a full globu- 
lar Face; and afterwards,” by Degrees, the diſap- 

ars and loſes all her Luſtre; ſometimes ſhe en- 
— ries whole Night, at other Times the does 
not appear till late at Night: And, even in a to- 
tal Eclipſe, -ſhe is frequently wifible, though with a 
very languid and pale Coantenance : Sometimes ſhe 
keeps in the Southern Region of the Heavens; at 
other Times, ſhe riſes high, and viſits the Northern 


Hemiſphere, All theſe Things were firſt found out 


by £n4ymion among the Greeks, who was the firſt 
among them who watched her Motions ; and upon 
with her. | 

Tre Mom, like 


that Account, was ſuppoſed to have fallen in Love 


the Earth, is 2 dark, opake, and The Moon 
fpherical Body; and only ſhines with the borrowed i « Spheri- 

ight of the San: For it is the Sun who is the 4 Opale 
in our Syſtem, and who always it- 2 


great Lumi 
luſtrates that Half of the Has s which is 
turned towards him; whilſt the other Half, which 
is oppoſite, is involved in Darkneſs: But the Face 
of the Moon, that can be ſeen by the Inhabitants 


of the Eartb, is that which is turned toward the 


Earth: And therefore, according to the various 


Poſition of the Afoon, in reſpect of the Sur and 


Earth, we do obſerve different Illuminations and 
Degrees of Illuſtratiom; at one Time a larger, at 


another a ſeſſer Portion of the illuminated Surface 


is to be ſeen; ſometimes there is no Part of it vifi- 
ble, and ſometimes we obferve the Whole, and ſee 
the 14% with her full Face. But for the better 
Underſtanding of this Matter, we will explain 
it by a Figure. Let 8 


Earth, Rs 2 Portion of the £arth's Orbit, Fig. 1, 2. 
which it deſcribes in its Annual Courſe round the 
gun. Let ABCDEF GH be the Orbit bout 

| E 


repreſent the Sun, T thePlate V. 
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Lecture the Aeon, ih which ſhe turns round the + Barth in 


IX. 


— mmnned 
The true 


the Space of a Month; * the wy towards he 
* a ab be "Moon is ident to our 


Motion of Senſes; for if the Aan be obſerved to arrive at 
the Moon the Miridian any Night with a fixed Star, the next 
FromWeſt Night ſhe will be 52: Minutes later in coming to 


to Faſt. 


the Meridian, or in Suthing, than the Star he 
having receded from the Far abgut 13 Degrees 
towards the EH. Join the Centers of the Sur 
and Aeon, with the right Line 8 L; and through 


The Circle the Center of the Moon, imagine a. Plane M LN 


in the 
Moon 


to pals, to which the Line 8 L is perpendicular: 
The Section of that Plane, with the Surface of tlie 


bounding Mon, will produce the Circle; which bounds Light 


Ligbt and 


Darkneſs. 


and . Darkneſs in her, and ſeperates the inlightened 
Face, from the dark and obſcure Side. In the 
ſame Manner, let the Centers of the Earih and 
Mon be joined by che right hine LL, which is 
perpendicular to a Plane PLO, paſſing through the 
Center of the Hoon; that Plane will make, on the 
Surface of the Aeom the Circle which diſtinguiſh- 
eth the viſible Hemiſphere, or that which is towards 
us, from the inviſible, which is turned from us 


e Circle which Circle my therefore _o horned; the Girel "4 
of Viſion. Viſion.” | 


The Phaſes . . 


the 


HENCE it is manifeſt, wat ee the Mim 
is in the Poſition A, in the Point of its Orbit oppo- 


oon ex- ſite to the du, that then the Circle bounding Light 


Plained, 
39 


and Darkneſs, and the Circle of Viſion do coin- 
cide; and that all the illuminated Face of the 
Moon will be turned towards the Earth, and be viſi - 
ble by its Inhabitants: And then the aan is ſaid 
to be full, and ſhe ſhines all Night long; and in re- 
ſpect to the Sun ſhe is ſaid to be in Oppoſition : For 
the Sun and Moon are ſeen in oppoſite Parts of the 
Heavens, the one riſing when the other ſets. When 
the Mon comes to B, the whole illuminated Diſk 
MPN. is not turned towards the Eartb, there 
being a Part of it MP not to be ſeen by us; 200 

| acn 
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then the /i/ible Illumination will be deficient from a Lecturt 


Circle, and the Moon will have a gibbous or humped 


Form, ſuch as is marked in B. The Moon ar- 


riving at C, where the Angle C TS is nearly right, 7, Gib. 
there only one half of the illuminated Diſk is turned Bout F;- 
towards the Earth, and to be ſeen from thence ; gure. 


and then we obſerve a Half-Moon as in C, and 


ſhe is ſaid then to be Biſectad or Dithotomized ; Half 

that is cut in Halfs. In this Situation the Sun and Moon, or 
Moon are a fourth Part of a Circle removed from the Moon 
each other; and the Moon is ſaid to be in a Qua- Dichotomi- 


drate Aspect, or to be in her Puadrature. The d 


Moon going forward to D, the illuminated Face — Qua- 
MPN has but a ſmall Portion of itſelf turned to- ture. 


wards the Earth, and the Side of the Moon turned 
towards 'the Earth is for the greateſt part in Dark- 
neſs: And therefore of the ſpherical Figure of the 
Moon which appears to us to be plain, that fmall 
Part which ſhines upon us, will ſeem to be bended 
into narrow Points or Angles, and will look like 
what we call Horns; for there the Circle bound- 
ing Light and Darkneſs with the Circle of Viſion, 
doth form two ſmall Angles at their Interſections, 
and the Phaſis ſeen from the Earth will appear as 
in D. The Mm at laſt coming to E, will ſhew 
no Part of its illuminated Face to the Earth, but 
all the dark Side of the Mon will be turned to- 


wards it; and then the Aeon diſappears, and ſhe is New 

ſaid to be in Conjundion with the Sun, the Sun and Moon or 
ſhe being in the ſame Point of the Ecliptick. This“ Con- 
Poſition we call New Moon. When the Mom ad- Junction. 


vances further to F, ſhe again aſſumes a horned or 
crooked Figure; and as before the New Moon the 
Horns were. turned J/:/tward, fo now, after the 
Time of New Moon, they change their Poſitions and 
look Eaftward, When the Mom has proceeded to G, 
and is again in a Quadrate A/pec? with the Sun, the 
will appear biſected, and like a HHH. In 
H ſhe. will be bigger, but will ſtill be deficient 
from a whole Circle, and be ſeen gibbous: But 
01A in 
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IAT. bal 2 enn dime, and in her Full 

Tas Arch EL, or the Angle STL, contained 

N Elon- under Lines drawn from the Centers of the Sun and 

Aua to the Center of the Earth, is called the £45n- 

the Moon. gation of the Aan from the Sun. And the Arch 

from t LO, which is that Portion of the illuminated Circle 

Sun. ON, which is turned towards the Barth, and 

ſe which is the Meaſure of the Angle that the Circle 

bounding Light and Darkneſs, and the Circle of 

Vion, make with one another, is every-where 

nearly fmilar to the Arch of Elongation EL; or, 

which is the ame Thing, the Angle 8 T'L is nearly 

equal to the Angle ML. O, which I thus demon- 

ftrate: Produce SL at Pleaſure unto X, and the 

Angles TLP and MLS will be equal, they be- 

ing both Right Angles: But the Angles O LS and 

X are allo equal, becauſe they are vertical to 

each other; therefore taking away thoſe equal An- 

yu Angle MLO will remain equal to the 

TL X; but the Angle TLX is the exter- 

nal Angle of the Triangle S TL, and is therefore 

equal n oppoſite Angles » TL 

and T SL, by the 32d Propoſition of Book I. of 

Euckg. But the Angle TSL is exceeding ſmall, 

and next to nothing; for, when biggeſt in the 

Quadratures, it does ſcarce exceed ten Minutes of a 

Degree; the Diſtance of the An from the Earth, 

in compariſon of that of the Sun, being fo ſmall, 

that the Angle which it ſubtends at the Sus vanithes. 

And therefore the Angle ST L by itſelf, is nearly 

equal to the Angle ML O; whence the Arch MO 
will be fimilar or like to the Arch EL. 

112 Semicircle OMP, ſince its Plane paſſes 
through the Eye, will be projected into à Right 
Line, or appear like a Right Line on the Diſk 
of the Aa; but the Circle bounding Light and 
Darkneſe in the An, fince it is ſeen obliq 
from the Furth, will be projected into an Elliple, 
n which Form it will appear. Hence ts 
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Elongation of the bm from the Sun, it will be an Lecture 
eaſy Matter to ſhew its Pha/ſjs, or how it happens IX. 
at that Time. Let the Circle COBP repreſent 
the Diſk of the Mon, whith is turned towards the 4 nn 
Earth; and let OP be the Line in which the Se- arion of che 
micircle OMP is projected, which ſuppoſe te be PH of 
cut by the Diameter BC, at Right Angles ; ande Moon, 
making LP the Radius, take LF equal to the Co-/#r any E- 
fine of the Elongation of the Mo from the Sum: longation. 
And then upon BC, as the great Axis, and LF V, 
the lefſer Axis, deſcribe the Semi-Ellipſe BF C. 8. 3 4. 
This Ellipſe will cut off from the Diſk of the Aden 
the Portion BFCP ofthe illuminated Face, which 
is viſible to us from the Earth. | 

By making LP the Radius, LF becomes the Thr Sun 
Coſine of the Elongation of the Moon from the % of 1 
Sun; PF, in that Caſe, muſt be the verſed Sine (ration. 
of the ſaid Elongation; and BFC (the Line which 
divides the iHuminated and dark Parts of the Diſk) 
will be an Ellipſe, whoſe greater Axis is the Dia- 
meter of the Diſk BE, and half the leffer Axis 
is the Semidiameter of the ſarye Diſk, diminiſhed 
by the verſed Sine of the Elongation. Suppoſe now 
that OBPC were the Diſk of the Moon turned 
towards the Earih, and BFC the Semi-Ellipfe 
dividing Light and Shadow: Draw ary Line 
GHN parallel to the ſeſſer Axis, and which meets 
with the greater Avis in M, by the Nature of the 
Circle and the Ellipſe, LP will be to LF, as 
GM is to MH; and by Divifioh of the Ratio, 

LP is to PF, as GMs o HG; and doubling 

of the Antecedents, PO will be to PF, as GN 

is to GH. The ſame Thing may be ſhewn of 

any other Line, which is parallel to the leſſer Axis; 
and therefore dy the, 22th Prop. Book V. of Euclid, 
as PO is to PF, fo will all the Lines GN be 
to all the Lines G H. But all the Lines GN 
eompoſe or make up the Whole Lunar Diſk, it con- 
fGfting of an infinite Number of Parallelograms, 
whoſe Heights are the Lines GN, and whoſe Baſes 
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Lecture are indifinjtely little: 80 likewiſe all the Lines 
IX. GH make up that Part of the Diſk which is illu- 
Kym Minated. | WT: + 42 x | 
AE therefore, as PO is to PF, that is, as the 
Diameter of a Circle is to the verſed Sine of the 
Moon's Elongation from the Sun; ſo is the whole 
- Diſk of the Moon, to that Part of it which is illu- 
minated by the Sun. And hence the Illuſtration of 


aw the Moon, at any Time, is to its greateſt Illuſtration, 


which is at Full Mon, as the verſed Sine of the 
Elongation js to the Diameter of a Circle. 
The Earth As the Moon by reflected Light from the Sun illu- 
illaminates minates the Earth, ſo the Harth does more than re- 
the Moon pay her Kindneſs, in enlightening the Surface of 
by a Refiex the Moon, by the Sun's reflex Light, which the dif- 
Light. fuſes more abundantly upon the Moon, than the 
Moon does upon us: For the Surface of the Earth 
is above fifteen Times greater than that of the 
Mom; and therefore, if both Bodies have the ſame 
Power of reflecting in Proportion to their Bigneſs, 
the Earth would ſend back fifteen Times more Light 
to the Moon than it peceives from it. For the Earth 
appears fifteen Times bigger to the Inhabitants of 
the Moon, than the Moon does to us. In New Moons 
the illuſtrated Side of the Earth is fully turned to- 
wards the Moon, and will, therefore, at that Time, 
illuminate the dark Side of the Moon; and then the 
Lumarians will have a Full Earth, as we, in a ſimi- 
lar Poſition have a Full Moon. And from thence 
ariſes that dim Light which is obſerved in the O14 
and New Moons, whereby, beſides the bright and 
ſhining - Horns, we can perceive the reſt of her 
Body behind them, though but dark and obſcure. 
Now, when the Moon comes to be in Oppoſition 
to the Sun, the Earth ſeen from the Moon, will 
appear in Conjunction with him, and its dark 
Side will be turned towards the Moon, in which 
Pofition the Earth will diſappear; after the ſame 
Manner as the Moen does diſappear to us in the 
Time of New Moons, or in her Conjunction * 
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go from one Conjunction to the next, which is a ſy- 


Time the Earth will have completed an Arch of" four w wan 
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Sun. After this the Earth will appear to the In- Lecture 
abitants of the Aan in a horned Form. In a IX. 
ord, the Earth will ſhew all the fame Appearance 

to the Inhabitants of the Aon, as the Moon does to 
us. . | 
ALTHOUGH the Joon circulating round the Earth The peri- 

deſcribes its Orbit in the Space of .twenty-ſeven a 
Days and ſeven Hours, which Space of Time is called A, 


a periodical Month; yet the Lime the Moon takes tO no * 


nodical Month or a Lunation, is greater than the pe- 

riodical, For while the Mon in its proper Orbit 

finiſhes its Courſe, the Earth, with this her Compa- 

nion and its Orbit are going on their Way round 

the Sun, and are advanced almoſt a whole Sign to- 

wards the Hat; ſo that the Point of the Orbit, which 

in the former Poſition was placed in a right Line join- 

ing the Centers of the Earth and Sun, is now more 

I/eſterly than the San: And therefore, whenthe Moon 

has again arrived to that Point, it will not yet be ſeen 

in Conjunction with the Sun. 

Fon let A B repreſent a Portion of the Orbit of Plate V. N 

the Earth, and when the Earth is in T, ſuppoſe the Fig. 6. | 
F 
| 
' 
' 


Mon in L, in Conjunction with the Sun in 8: 


While the Moon leaves the Point L, and proceeds in 


deſcribing its Orbit LAC D; the Earth in the mean 

Time, by its Motion round the Sun, is carried through 

the Arch T 7; and when it is come to /, the Orbit a 

of the on is in the Poſirion J d, and the Point 

of the Orbit L will be now in the Line % which 

is parallel to the former Line T L. Hence it is plain, 

that when the 44n has come tol, and deſcribed its 

whole. Orbit, it is not then arrived at a Conjunction 

with the Sun; but jt muſt ſtill go further, and move . yt vbb% þ 

through the Arch IM, before it can get between theattern? ! jor radi 

Earth and the Sun: And ſince the Man finiſhes berg 1 

Courſe in the Space of twenty-ſeven Days, in that *1-+-%: Malo 7 C7 
1 

twenty-ſeven Degrees in the Ecliptick; now the2 I Ca 210wn the 

Arch M and Ir are alike or ſimilar, becaule the Cle, fu: * tore 

421 3 H | Lines ens | 


Lecture Lines L T and I, being parallel, the Angles If M 
IX. and LS Mare equal. But indeed it is required; that 
the en ſhould deſcribe a greater Arch than /M, 
before it gets between us and the Sun, becauſe the 
Earth is ſtill moving in the mean Time: And therefore 
The din. the whole Lunation, or Time from New Ain to New 
| nal Motion Moon, is not finiſhed but in the Space of 29 Days | 
| te anda half; and the Moon does every Day recede from 
Loon the Sun about twelve Degrees and ſome odd Minutes, 
from the which is called the diurnal Motion of the Moon from 


Sun. the Sun. 


rn 
im 


the Plane of the Ecliptick, that is, if the Earth and 
Mon moved both in the ſame Plane, the Way of 


be exactly the ſame with the Circle the Sur is ſeen | 
to deſcribe ; only the un would be obſerved to de- 


. 


Ir the Plane of the Mom's Orbit coincided with | 


the Moan in the Heavens ſeen from the Earth, would | 


ſcribe that Circle in the Space of a Year, which the 
Moon does in a Month. Now, in reality, the Plane 
in which lies the Mom's Orbit, is not coincident 
with the Plane of the Ecliptick; but theſe two 
Planes cut one another in a right Line, which paſſes 
through the Center of the Earth; and they are in 
clined to one another in an Angle of about five De- 


. grees. | 
Plate V. 2 AB be a Portion of the Earth's Orbit, T 
| Fig. 7, the Earth, and let the Circle CE DF repreſent the 
Orbit of the Moon, in which is the Center of the 
The Moon Earth; with the ſame Center T, in the Plane of 
does not the Ecliptick, let there be defcribed another Circle 
move inthe CG DH, whoſe Semidiameter may be equal to the 
Echiptick. gemidiameter of the Moon's Orbit; theſe two Cir- 
* cles being in different Planes, and having the ſame 
Center T, will interſet each other in a Line DC, 
which paſſes thro the Center of the Earth ; and 
CE D, one half of the Otbit of the Moon, will 
riſe ' above the Plane of the Circle CGH, towards 
the North. The other half of the Orbit DF C 
will be depreſſed below it, towards the South. The 
right Line DC, wherein the two Circles cut one 
et *h another, 
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LECTUR#ES. 3 
another is called the Line of the Nodes; and the Lecture 
Points of the Angle C and D are called the Nodes, IX. 
And the Node C, where the Moon aſcends Northward ©. 
above the Plane of the Ecliptick, is called the 2/ The Line 
cending Node, and the Head of the Dragon, and is of Nodes. 
thus marked 8. The other D, from whence. the Thea/cend- 
Moon deſcends to the South, is named the de/cending ing Node, 
Node, and the Tail of the Dragon, which by ther % Dra- 
Aſtronomer is marked in this Manner 8. If the 
Line of the Nodes were immoveable ; that is, if it he 4 
had no other Motion, than that whereby it is car- i 
ried round the Sun, it would always look to the — 
ſame Point of the Ecliptick, that is, it would al- e Dra- 
ways keep parallel to itſelf, as we ſhewed the Axis gon' Tail. 
of the Earth ought to do: But we find by Obſer- 
vation, that this Line of the Nodes does conſtantly 
change its Place, and ſhifts its Situation from Ea/? 
to //:/?, contrary to the Order of the Signs; and 
by a retrograde Motion finiſhes its Circulation in 
the Compaſs of aloſt nineteen Years : After which The retro 
Time either of the Nodes, having receded from any grade Mo 
Point of the Ecliptick, ne bo the ſame again, % f th 
And when the Moon is in the Node, ſhe is alſo ſeen Nodes. 
in the Ecliptick. | | | 

HEN CE it is evident, that the Moon can never 
be obſerved preciſely in the Ecliptick, but twice in 
every Period, that is, when ſhe enters the Nages ; 
when ſhe is in any other Place of her Orbit, ſhe 
deviates from it, and is ſometimes nearer, ſometimes 
further removed from the Ecliptick, according as 
ſhe happens to be nearer, or further off from the 
Nodes But ſhe is at her greateſt Diſtance from the 
Nades, when ſhe is in the Points of her. Orbit E or 
F, which are the middle Points between the Nodes; 
and theſe Points are called the Limits. The Diſtance TheLi- 
of the Mn from the Ecliptick is called her Lati- mits. 
tude, which is meaſured by an Arch of a Circle The 
drawn through the Moon, perpendicular to the Eclip- Moon's 
tick ; the Arch of this Circle, intercepted between Latitude. , 
the Man and the Ecliptick, meaſures the Moon's 

Re H 2 Latitude, 
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 Ledkure Latitude; ot; her Diſtance froh [the Ecliptick : And 
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therefore. ſuch Circles, ptrpendioukar to the Ecliptick, 
afe- called 8 de Latitude of the 
u, when!:it. is he: biggeſt; as in E or F, does 
never exceed five — and. e eighteen Mi- 
8 which Latitude n Me r the Angles. 
Long the 0 N * 60 * N 
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2B SE R VATIONS have diſcovered | 
to us that the Diſtarige of the Moon from 
the Earth does conſtantly change; ſomg- 
times the Mam comes nearer to us, ſome- 

- times goes further from us; the Reaſon. 
of which i is, becauſe: the Mean does not move in a 
circular Orbit, which has the Earth for its Center: 
But the real Orbit of the Aon is of an Elliptick Form, 


. VI. ſuch as is repreſented i in che Figure ABP D, one of 


SS 1. 


The 


Moon s 


whoſe Focus's is always the Center of the Earth ; 

AP is; the greater Axis of the Ellipſe, and the Line 
of the Apfides ; IC is the Excentricity;; the Point 
A, which is the higheſt Ait, is called the Apogeon of 


A eon, the Moon; the loweſt Apſis, which is the Point P, 
an Peri- is called the Perigeon, in which the Mpen comes near- 


een. 


eſt the Barth. And if the Orbit of the Moon had no 
other Motion beſules that wherewith it is ee 
| | | £43 - roun 
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round the Sun, it would always retain a Poſition pa · Lecture 
rallel to itſelf, and would always point the ſame Way, X. 
and be obſerved in the fame Point of the Ecliptick; 
and whenever the Moon came to that Point, it would 
conſtantly be at the fanie Diſtance from us: But this 1 
Line of the Ahſides is likewiſe obſerved to be move- s 
able, and to have an angular Motion round the 
Earth from the Meſt towards the Ea, according to 
the Order of Signs; ſo that it does not return to the 
ſame Situation, till after- the Space of almoſt nine 
Years. | i 6 The Ine- 
THE Motions of the Moon, and that of her Or- e 
bit, do not obſerve the ſame Inequalities. For, "af 
Hirt, When the Earth is in her Aphelion, at the great- ;;,,.,-; 
eſt Diſtance/ from the Sun, the Moon being fo like- Moon. 
wiſe, the Moon does ſomewhat quicken her Pace, and 
. performs her Circulation in leſs Time. On the con- 
trary, when the Zarth approaches nigheſt to the Sun 
in the Peribelion, the Moon is likewiſe nearer, and then 
ſhe flackens her Motion: Upon which Account it 23 
is, that the Mas revolves about the Earth in ſhorter 
Time, when the Earth is in her Aphelion, than when 
ſhe is in her Perzhez/izz ;'fo that the periodical Months 
are not all equal. | 
Secondly, When the Moon is in the Syzygia, that is, Syzygia. 
in the Line which joins the Centers of the Earth and . 
Sun, (which may be either in her Oppoſition or Con- | .-j 
junction) all other Things being alike, ſhe has a ſwifter - 
Motion round the Earth But in the Quadratures ſhe WO 
the goes flower. 1 + 
Thirdly, According .to the different . Diſtance of 


the Moon from the Syzy2ia, that is, from Oppoſition 55 


or Conjunction, the changes her Motion; and in the 
firſt Quarter of her Motion; that is, from Con- 
junction to her firſt Quadrature, ſhe loſes ſomething 
- of her Swiftneſs : In her ſecond Quarter, from the 
Quadrature to her Oppoſition, ſhe increaſes in Ve- 
locity : In her third Quarter, from Oppaſition to 
the laſt Quadrature, ſhe again loſes of her Motion ; 
and from that Quadrature to the Conjunction, ſhe 
5 _ again 
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Lecture again recovers her Swiftneſs. This Inequality in th? 


. Moons Motions was firſt diſcovered by the noble 7 


3 »% * 
- 4 


cho, who called it the Moon's Variation. 3 
The Va-. Fourthly, The Moon moves in an Ellipſe, whoſe 
riation. Focus is in the Center of the Earth, round about which 
ſhe deſcribes Area's proportional to the Times, as the 
primary Planets do round the Sun; whence the Motion 
of the Moon muſt be quickeſt in the Perigeon, and 

- loweſt in the Apogeon. | 
The Orbit Fifthly, the very Orbit of the Maan is changeable, 
of the and does not always keep the ſame Figure ; but its 
oon, Excentricity does now and then grow greater, and 


and its Ex- now and then it diminiſhes : And it is greateſt, when 


el % the Line of the Apfides is coincident with the Syzygia, 
ien or is in the Line which joins the Centers of the Sun 
and Earth: And the Excentricity is the leaſt, when 
the Line of the Ap/ides cuts the other at right Angles. 
The Difference between the greateſt and leaſt Excen- 
tricity is ſo conſiderable, that it exceeds the half of 

the leaſt Excentricity. 


"The Apo. Sixth, The very Apageon of the Mom has an 


geon has unequal Motion, and 3 moves forward, and 
an unequal ſometimes backwardy when it is coincident with 
Motion. the Syzygial Line, its Motion is forward; but when 
it cuts that Line at right Angles, its Motion is 
backward, and its Progreſs and Regreſs are no 
ways equal. But when the Mom is in her Quadra- 
tures with the Sun, the Apogeon goes but ſlowly for- 
ward, or even may ſtand till, or go backward. 
But when the Moon comes to be oppoſite or con- 
joined to the Sur, the Apogeon has a quick Motion 
forward. * 2 

Seventhly, The Motion of the Nodes is not at all 
uniform; for when the Line of the Nodes coincides 
with the Line of the Syzygia, then they ſtand ſtill 
without any Motion ; but when they cut that Line 
at right Angles, they go backward, or from Ea to 

Weſt, with a conſiderably quick Motion, I he moſt 
ſagacious Sir Is aac NE WTO was the firſt, and 
the only Man, who has diſcovered the true Cauſes 
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of all theſe Inequalities ; and has demonſtrated, that Lecture 
they all ariſe, according to the Laws of Mechaniſm, X. 


from the Theory of Gravitation of Matter to Matter. 


It is very ſurpriſing, that the Mom, which. of all 
the heavenly Bodies is neareſt to us, ſhould be of 
ſuch difficult Acceſs; and that it ſhould be ſo hard 
to find out her Ways, and the Cauſes of all her Ir- 
regularities. 1 | 

THE only equal Motion of the Mn is that The Moon 
wherewith ſhe turns round her Axis in the ſame moves uni- 
Time that ſhe moves round us in her Orbit; from formly a- 
whence it comes to paſs, that ſhe always keeps the bt her 
ſame Face towards us: But this very Equability in Axis. 
Rotation is the Cauſe of an apparent 1 
that the Mn appears to librate about its Ai, ſome- 
times from the Ea to the Nef, and now and then 
from the Veſi to the Eaft ; and that ſome Parts in 
the Wat Limb or Margin of the Moon recede 
from the Center of the Diſk, and ſometimes they 
move towards it. Some of theſe Parts, which were 
before viſible, ſet and hide themſelves in the inviſible 
Side of the Moon, and afterwards become again con- 
ſpicuous. Such a Motion in the Moon is called her 7, 
Libration, and it arifes from- the unequal Motion of Moon's 
the Moon in the Perimeter of her Orbit: For if the Libration. 
Moon moved in a Circle, whoſe Center coincided 
with the Center of the Earth, and turned round its 
Axis in the preciſe Time of its Period round the 
Earth, in that Caſe the Plane of the ſame Lunar 
Meridian would always paſs through the Earth; and 
the ſame Face of the Moon would be conſtantly and 
exactly turned towards us. But fince the real Mo- 
tion of the Moon is in an Ellipſe, in whoſe Focus is 
the Earth, and the Motion of the Moon about her 
Axis is equable; or, which is the ſame Thing, 
every Meridian of the An by this Rotation de- 
ſcribes Angles proportional to the Times, the Plane 
2 one Meridian will conftantly paſs through the 
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For let A 1 P be the Otbit of che Mor, in 
whoſe Focus is the Earth in T; and when the Mean 


—. E in A, its Meridian MN produced, will paſs thro' 
Plate VI. the Earth: And if the Moon only revolved in her 


Fig. 2. 


Orbit, without any Motion round an Axis, the ſame 
Meridian MIN would always keep a Poſition parallel 
to itſelf ; ſo that when the Aeon comes to L, the 
Meridian MN would be in the Poſition P Q, which 
is parallel to MN ; but on the Account of the 
equable Rotation, the Meridian MN changes its Si- 
tuation, and deſctibes Angles proportional to the 
Times; fo that in the periodical Time of the 
Moon's Revolution ronnd the Earth, it deſcribes four 
right Angles; and therefore in L it will have the 
Pofition mLn; ſuch that the Angle QL n may 
have the ſame Proportion to a right Angle, as the 
Time the Moon takes to deſcribe the Arch AL has 
to a fourth Part of the periodical Time. But/the 
Time the Moon takes to deſcribe the Arch A Lis 
to the fourth Part of the periodical Time, as the 


Area AT L is to the Ae ACL; that is, to 4 


Part of the Area of the Ellipſe: Therefore the Angle 
Q Ln will be to a right Angle in the ſame Pro- 
portion. But the Area A T L is greater than the 
Area A CL, or than the fourth Part of the Area of 
the Ellipſe: The Angle therefore QLn will be 
bigger than a Right, or bigger than QL C; but 
Q L C is bigger than QLT ; wherefore QL N 


will be much bigger than QLT. The Meridian 


therefore MN, whoſe Plane paſſed through the 
Earth, when the on was in A, now the Mom is 
arrived at L, does not look towards the Earth z 
And therefore the Hemiſphere of the Hoon which is 
towards the Zarth, the Moon being at L, is not the 
{ime with that which was towards, the Eartb when 
I 17:41 was in A; and thoſe Parts of the Moon's 
Surface beyond Q_ will come under Obſervation, 
which before, when the Moon was in A, were not to 
be ſeen, being in the Side of the Meon quite oppoſite 


to us. But as foon as PH arrives at her Pe- 


— 


rigeon 


reſt, no prominent Points, then a Right Line in 
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rigeon P, then the Meridian MN has deſcribed in Lecture 
its Rotation, a Semicircle ; and then again its Plane - 

paſſes through the Earth, and the former Point N | 
will be directly towards us, and be in the Center of YI 


the Diſk, Hence it is evident, that this Libration 


of the Moon is reſtored twice in each Period of the 
Moon, that. is, when ſhe comes to her Apogeon and 
Perigeon. 
I F the Surface of the Moon were ſmooth and po- Je Sur- 
iſhed like a Looking-glaſs, it would not then reflect face of the 
ight upon all Sides, and every Way; but it would Moon rug- 
ſhew us only in ſome Poſitions the Image of theg*d and 
Sun, no bigger than a Point, but with an immenſe 7%#an- 
Luſtre. But as in all our Zarihly Bodies, ſo in the““ 
Moon, its Surface is very rough and uneven ; upon 
which Account it diffuſes the Light by reflecting it 
to all Sides, without producing any Image of the Sus, 
as poliſhed Glaſſes do. : 

Bur the Surface of the Mon is not only rough 4 Demo- 
and uneven, but there are upon it moſt prodigious/*ration 
high Mountains, and deep Vallies, which cover the -H there 
whole Face of the Mocn: This we thus prove. Ife Moun- 
there were no Parts in the Moon higher than the oe — the 
the Dichotomy or Quadrature, and an Elliptick Line 
in all the other Phaſes, would terminate the light 
and dark Parts of the Diſk : but when the Moon is 
viewed with a Teleſcope, we find that there is no 
regular Line, which ſeparates Light and Darkneſs in 
the Moon's Surface; but the Confines of theſe Parts 


appear, as it were, toothed, and cut with innu- 


merable Notches and Breaks; and even in the dark 
Part near the Borders of the lucid Surface, there 
are ſeen ſome ſmall Places enlightened by the Sun's 
Beams: And upon the fourth Day after New Moon, 
there may be perceived ſome ſhining Points, like 
Rocks or ſmall Iſlands, within the dark Body of the 
Moon; but not far from the Confines of Light and 
Darkneſs, there are obſerved other little Spaces, 
which join to the enlightened Surface, but run out 

| | uto 
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into. the dark Side ; which by Degrees change their 
Figure, till at laſt. they come wholly within the il- 
luſtrated Face, and have no dark Parts round them. 
Afterwards we obſerve many more ſhining Spaces to 
ariſe by Degrees, and to appear within the dark Side 


of the Moon, which, before they drew near to the 


Confines of Light and Darkneſs, were inviſible ; 
— without any Light, but wholly immerſed in 
the Shadow. The contrary is obſerved in the de- 
creaſing Phaſes, where the lucid Spaces which joined 
the illuminated Surface, by Degrees recede from it; 
and after they are ſeperated quite from the Confines 
of Light and Darkneſs, remain for ſome time viſi- 
ble, till at laſt they alſo diſappear : Now it is impoſſi- 
ble that this ſhould be, unleſs theſe ſhining Points 
were higher than the reſt of the Surface, fo that the 


Light of the Sun may reach them. 


In the 

Moon 

large Ca- 
"evities and 


Pits. 


THress ſhining Points fituated in the Moon's Sur- 
face, without the Confines of the illuminated Sur- 
face, are the Tops of very high Mountains, which 
riſing far above the other Parts of the Surface, are 
ſooner reached by the Fun's Beams, and remain longer 
in the Light, than the reft of the Parts do which 
are lower. Befides theſe, we likewiſe obſerve, even 
in the illuminated Face of the Mmm, many dark 
and obſcure Spots, which feem to be only Caverns, 
or large Cavities; on which the Sun ſhining very 


obliquely, and touching only their upper Edge with 


his Light, the deeper Places remain without Light: 
But as the Sun riſes higher upon them, they receive 
more Light, and the Shadow or dark Parts grow 
ſmaller and ſhorter, till the Sun comes at laſt to 
ſhine directly upon them, and then the whole Ca- 
vity will be illuſtrated, and the Parts which were 
obſcure before will then look as bright as the Tops 
of the Mountains. From theſe conſtant Obſerva- 


tions, it is plain to a Demonſtration, that the Moon's 


Face is.covered with Mountains in fome Places, and 


that in others it is cut with deep Pits and Caverns. 


Tas 
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TRE Lunar Mountains are much higher in Pro- Lecture 
portion to the Body of the Moon, than any Moun- X. 
tain upon our Globe; for the Geometers can take 
the Height of them, as eaſily as they can find the 73, Lunar 
Meaſure of a Mountain upon our Earth. The Mountains 
Way of finding the. Height of a Lunar Mountain 4igher 
is this: Let E GD be the Hemiſphere of the Moon than the 
illuminated by the Sun, and ECD the Diameter Mountains 
of the Circle, bounding Light and Shadow, A che n 
Top of a Hill, within the dark Part, when it firſt pia VL 
begins to be illuminated. Obſerve with a Teleſcope g. 


the Proportion of the Right Line A E, or the Di- Fig. 3. 


ſtance of the Point A, from the lucid Surface, to 


the Diameter of the Mom E D; and becauſe in this 4 Method 


Caſe the Ray of Light ES touches the Globe of the of mea/ur- 
Moon, A EC will be a right Angle, by the röth ig them. 
Prop. Book Third, of Euclid : And therefore havin | 

in the Triangle AEC, the two Sides AE 

EC, we can find out the third Side AC, from 
which / ſubducting BC, or EC, there will remain 

AB, the Height of the Mountain. Niccialus affirms, m 
that upon the fourth Day affer New Moon, he has 
obſerved the Top of the Hill called Sr Katherine 

to be illuminated, and that it was diſtant from the 
Confines of the. lucid Surface, about a fixteenth 

Part of the Moon's Diameter, or an eighth Part of 

her Semidiameter. And thereforeif CE be 8, AE- 

will be 1; and the Square of AC wilt be equal to 

the Squares of CE and EA, by Prop. 47, Book Firſt, 

of Euclid. Now the Square of CE being 64, and the 


Square of AE being 1, the Square of AC will be 


65, whoſe ſquare Roor is 8,062 which expreſſes the 
Length of AC: From whence deducting BC =8, 
there will remain AB g 0,c62. So that CB or 
CE is therefore to AB, as 8 is to 0,062; that is, as 
8000 to 62: and therefore, fince the Semidiameter 
of the Moon is 1182 Miles, if we make the Pro- 
rtion as 8000 to 62, ſo 1182 is to g: we ſhall 
ave 9 Miles for the Height of that Mountain, 
* i which 


in 


* 
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Lecture which is therefore three times higher than the Tops 


X. of our higheſt Hills on Earib. | 
Wrotver ſhall contemplate the Face of the 


Great Va- Mum with a Teleſcope, will diſcern it diſtinguiſhed 


rieties is be with an admirable Variety of Spots; ſome Parts 
ob/erved in have a moſt bright Luſtre, and ſome Philoſophers 
the Face of have imagined them to be Rocks of Diamonds; 
ib Moon. others have compared them to Pearls, or ſome pre- 
cious Stones: But they ſeem to be the ſolid Parts 
of high Mountains, which are endued with a Qua- 

lity whereby they ſtrongly reflect the Light. There 

are again other Places and Parts of the Moon's Face, 

and they are not a few nor ſmall, which look dark 

and of a duſkiſh Colour, which the Philo/ophers have 
There are fanſied to the Seas, Lakes, and Fens : But yet we 
»o Scat. find, that they cannot be Seas, nor any thing of a 
liquid Subſtance; for when they are looked at with 

a good Teleſcope, we find they confiſt of an Infinity 

of Caverns and empty Pits, whoſe Shadows fall with- 

in them; which can never be in a Sea or liquid 

Body. Theſe black Spots therefore cannot poſſibly 

be Seas: But they cpnſiſt of fome darker and fad- 
coloured Matter, whigh does not reflect the Light ſo 
ſtrongly, as the ſolid and thining Mountains do. But 

even within theſe dark Spots, we obſerve ſome Bodies 

of a brighter Light, wherewith they outſhine the reſt. 


$ No Chah. TERRE ſeem to be no Clouds nor Vapours in 


the don, from whence Rain may be generated: For 
ſuch Clouds would ſometimes cover the Face of the 
Mia, and hide ſome of its Regions from our Sight, 
which we never obſerve them to do: But in the 44 
there is a conſtant Serenity, without any dark Wea- 
ther; and when there are no Clouds in our Air, 
the Moon conſtantly appears with the ſame Luſture. 


No A It is/ probable likewiſe, that the 3459 has no At- 
| ©;  ao/pbere. moſphere to furround it: For the Planets and Stars, 


which ſometimes are ſeen very near its Limb, have 
not their Light refracted, as it is when it paſſes through 
our Atmoſphere. | AC, | 
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Tur Aſtronomers have drawn the Face of the Lecture 
Moon, according as it is ſeen with the beſt Tele- 
for which we are obliged to the accurate 
Labours of theſe famous Selenographers Horeutius, The Sele 
Langrenus, Fobn Hevelius of Dantzig, Grimaldus and nogra- + 
Nicciolus, Italians ; who have taken particular Care phers of _ 
to note all the ſhining Parts of the As Face Aſtrono-— 
and for the better diſtinguiſhing them, they have mers ce 
given to each Part a proper Name. Langreuus and 2 
Riccrolus have divided the Lunar Regions among the/* — ths 
Philoſophers and Aſtronomers, and other eminent Surface. 
Men: But Hevelius, fearing leſt the Philojophers : 
ſhould quarrel about the Diviſion of the Lands, has 
ſpoiled them of this their Propeity, and gives the 
Parts of the Moon thoſe Geographical Names, that 
belong to the different Iſlands, Countries and Seas 
of our Earth, without any Regard to Situation of 
F igur C. | | | 


LECTURE: u. 


Of the Obſcurations er Eclipſes of the Sun and 


Moon. 


7 Hh £ | 
"Ire: HERE is nothing in 4 onomy, 15 
6 — 24 which ſhews the great ack of | 92 
human Underſtanding, and its d« 
Penetration more, than a clear Ex- 
plication of the ſudden Diſappear- 
ins of the % and Moon, that is, 
22 dof their Feli; and the accurate 
Predictions when they are to come to paſs, which the 
Aſtronomers can now foretel almoſt to a Minute. Tho 
this be the niceſt and moſt ſubtle Speculation of our 2 
Science, yet it is certain and undoubtable, than which | 
W g nothing 
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Lecture nothing can be more ſublime, or worthy of our 

XI. Contemplation. | 

TAE Word Eclipſe is derived from the Greet 
An Eclipſe, tbr, which ſignifies to faint, or to ſwoon away: 
what, 80 fick and dying Perſons, when a ſwooning Fit, 
and a Death-like Faintneſs comes over them, were 
ſaid by the Greeks to fall into an Eclipſe : After the 
ſame Manner the Moon, 'when ſhe ſhines with a full 
Face, if ſhe falls into the Shadow of the Earth, does 
loſe the enlivening Beams of the Sun's Light, and 
grows pale, as if ſhe were about to die. And the 
un again when the Moon interpoſes her Body, and 
deprives us of his Heat and Light; though in him- 
ſelf he retains his Luſtre, yet to us he ſeems to va- 
niſh and grow dark. At ſuch Times the Sun and 
Moon are ſaid to ſuffer, and fall into an Eclipſe. 
The Eclipſes muſt be here explained: And, that we 
may begin from the firſt Principles: be fe 
 AShadeow, IT is to be obſerved, that all opake and dark 
what. Bodies, when they are expoſed to the direct Light of 
the Sun, caſt a Shadow behind them, that is o 
fite to. the Line the du is in. This Shadow is no- 
thing but the Loſs or Privation of Light, in the Space 
oppoſite to the San, by reaſon the Sun's Rays are 
intercepted by the opake Body, Now ſince the 
Earth is an opake Body, it muſt likewiſe caſt a Sha- 
dow towards the Space oppoſite to the Sun; in which 
Space if the Moon ſhould come, it muſt, neceſſaril 
be darkened, and. loſe the Light which it had before 
Plate VI. from the Sun. And becauſe the Figure of the Earth 
- Fig. 4, 5, is Spherical, the Figure of the Shadow would be Cy- 
6. lindrical, if the Earth and Sun were of equal Bigneſs, 
or if the Earth were bigger than the Sun, the Shadow 
would have the Figure of a Cone, which had loſt a 
Piece at his Top or Vertex; and the farther it were 
extended, would grow thicker and thicker. 

AND in both theſe Caſes, the Shadow would 
run out into infinite Space, without ever having 
an End: And then it would“ involve ſometimes 
the other Planets, Mars, Fupittr, and Saturn, with- 
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LECTURES. 111 
in it, when they come to be oppoſite to the Sun, and Lecture 
enter within that Space; But this is never obſerved, XI. 
for then theſe Planets would be eclipſed: And there 
fore the Sun muſt neceſſarily be greater than the 75 Sun 
Earth, whoſe Shadow muſt conſequently be of a 4igger 
conical Figure, and end in a Point. than the 

BuT the Moon, ſince its Diameter is contained Earth. 
about three times in the Diameter of the Shadow, 
and the Diameter of the Shadow is leſs than that 
of the Earth, muſt needs be much leſs than our £ 
Earth. Shade | 
LET S repreſent the Sur, T the Earth, and the Plate VI. 
Cone AB C the Shadow. It is evident, there can Fig. 7. 
be no Line drawn from the Sun, to any Point of | 
the Space ABC, which does not fall upon the 
Earth And therefore, fince the Earth is an opake 
Body, it will not ſuffer any Rays to paſs through. 
or to illuſtrate the Space ABC. Now if the Moon, 
when the is oppoſite to the Sun, ſhould come into 
this Space, ſhe muſt then be involved in Darkneſs ; 
and would then ſuffer an Eclipſe in the very Time 
of Full Moon. A 
THe Moon likewiſe, upon the ſame Account, hen there 
muſt have a Shadow of a conical Figure oppo- can happen » 
fite to the Sun; and if this Shadow ſhould fall an Ec, 
upon the Earth, which can never happen, but when #9 © 
the Moon is in Conjunction with the Sun, the In- Moon. 
habitants of the Earth, on whom the Shadow falls, 
will be involved in Darkneſs; and the Sun will 
ſeem to them to be in an Eclipſe, fo long as the 
Shadow covers them; but becauſe the Mon is 
much leſs than the Earth, its Shadow can never 
cover the whole Earth, but only a ſmall Part of it; 
ſuch as BC: And within that Space only, where Plate VII. 
the Shadow comes, there will be total Darkneſs; Fig. 1. 
and the reſt of the circumjacent Places will be il! 
luſtrated with ſome of the Sun's Beams, -and their 
Inhabitants will only ſee a Part of the Sur's Diſk 
obſcured ; which will be greater or leſs, according 
as they are nearer or further removed from the 
Shadow: 
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Lecture Shadow: Particularly, they who live about P, will 
XI. {ce half the Sus eclipled ; but whoſoever lives between 
Loa my Wand N, will fee at the ſame time all the Sun's 
In; fome Body, and perceive no Eclipſe. 
Places z 4 HEN CE it is manifeſt that there can be no Eclipſe 
the Earth of the Moon but in Full Mons, when ſhe is oppoſite 
an Ealiſe to the Sun; as the Shadow always is. Nor can there 
2 bc to- be any Eclipſe of the dun but in the New Moons, 
a in when ſhe is in Conjunction with the 8%, for then 
2 only ſhe; can caſt her Shadow on the Zar/h. Since 
therefore in every Month there is one Full Moon, 
none at all. arid one New Moen ; it may be aſked how it comes 
When an that the Sun and Mn do not ſuffer Eclipſes every 
Ecligſe of Month. And indeed if the Alen did always move 
the Sun in the Plane of the Ecliptick, ſince the Axis of the 
happens. Shadow is always in the ſame Plane, the Moon 
would then every Full Moon pals through the Body 
of the Shadow, and there would be a total Eclipſe of 
the dom. So likewiſe in every New Moon, if ſhe 
were not then too far off us, ſhe ſhould caſt her 
IWhy there Shadow on the Earth, and produce an Eclipſe of the 
bappen not Sun, in ſome or other of the Regions of the Zarib. 
Edkokes of But the Caſe is Stherwiſe; for we have ſhewed, 
the Sun that the Plane of the Moon's Orbit does not coin- 
Moon eide with the Plane of the Ecliptick, but that it cuts 
Mel, it in a Line which paſſes through the Center of the 
Barth. And therefore the Man is never in the 
Plane of the Ecliptick, but when it is in this 
Line, which is the Interſection of the two Planes, 
that is, when it enters the Nodes. And therefore, 
when it happens, that the Men at Full (hall 
likewiſe be in one of the Nees; then the Axis of 
the Shadow will paſs through the Center of the 
Tan Moon, and then ſhe will be in a total and gen- 
Plate VII. tral Eclipſe. Let the Circle MN repreſent the 
Fig. 2. tranſverſe Section of the Shadow. at the ; Diſtance 
Total and of the Moen; and the Line CD a Portion of 
central. the Orbit of the Hoon, which the Ain deſcribes 
* Eclipfes of in the Time of Full Mam ; which, becauſe it is but 
the Moon. a (mall Portion, may be well enough repreſinted 
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LECTURES. =. 
by a right Line: Let the right Line BGA be in Lecture 
the Plane of the Ecliptick, and let F be the Poſition XI. 
of the Mom's Center, when ſhe firſt touches the 
Shadow; E the Pofition of the ſame Center, when 
ſhe firſt leaves it; G the ſame Center of the Moor; 
when the Axis of the Shadow paſſes through it: 

It is evident, that ſuch an Eclipſe will be Central 
and Total; and there will always be ſuch Eclipſes, 
when the Center of the on, and Axis of the Shadow, 
meet in the Nodes. Hence the Duration or Time 
that an Eclipſe can laſt, may be as long às the Moon 
is paſſing through an Arch, that is, equat to EF, 
or four Diameters of the Mozn; that is, about two 
Degrees, which Space the Moon generally moves thro” 


in the Space of four Hours. 


Becavussx of the largeneſs of the Diameter of 
the Shadow in Comparifon of that of the Mon, 
there may be total Eclipſes, which are not central, 
where the Node does not coincide with the Axis; and | 
may even lie without the Shadow, as the Figure ſuf- Plate VII. 
ficiently thews. The Node may likewiſe be at ſuch Fig. 3. 
a Diſtance from the Shadow, that there may be only 
a Part of the Maon's Body that can enter it; and 
then we ſhall have a partial Eclipſe of the Moon, Partial 
as is manifeſt by the Figures; and theſe partial Zclip/es. 
Eclipſes will be greater or leſs, according as the Di- Plate VII. 
ſtance of the Nade from the Shadow is leis or greater. Fig 4» 5: 
But when it happens that the Nade, in the Time 
of Full Moon, is further removed from the Axis of 
the Shadow than twelve Degrees, the Moon then will 
have fo much Latitude, or its Diſtance from the 
Ecliptick will be ſo great, that it cannot be obſcured 
by the Shadow. | | 

As the Shadow of the Earth caſt upon the Moon Eclipſe; 
produces an Eclipſe of the Men, fo, if the Sha- e Karth. 
dow of the Mon ſhould fall upon the Earth, it will 
cauſe an Eclipſe of the Earth, at leaſt on that Part 
of the Earth on which the Shadow falls. For the 
Moon being much leſs than the Earth, cannot with 


its Shadow involve the whole Difk of the Earth, 
275 * 
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Lecture but only a very ſmall Part of it; and ſo all the 
XI. Eclipſes of the Earth will be Partial, and not Total; 
ad ſuch Eclipſes only will produce a Darkneſs upon 
' thoſe Places where the Shadow falls; and the Inha- 
© bitants within this Shadow will only ſee the Sun to- 

tally. darkened, and therefore they will call them 
Eclipſes of the Sun: But this is improperly attributed 

to the Sun, who all the Time retains his Light with- 

out the leaſt Diminution ; and it is only thoſe Inha- 

bitants of the Earth that are under the Shadow, that 

are truly eclipſed, and involved in Darkneſs. 

HAT We may deſcend more RY to ex- 
lain the Phænomena or Appearances of Eclipſes; 

it will be requiſite to ſhew the Method of meaſurin 

the Dimenſions of the conical Shadows of both Eart 

| and Moon For which Purpoſe we will firſt lay 
. down the following Po/tulatum: If from the Center 
drawn of the Sun there be drawn right Lines to every Point 
from the of the Earth, or to as many as you plesſe, theſe 
Center of Lines may all of them be eſteemed as parallel. For 
tbe Sun to parallel Lines are ſuch as do not meet, till they are 
_ - ot hroduced to an infinite Diſtance ; and therefore ſuch 
1 Lines as do not meet but at a Diſtance immenſely 
= ebene 7 Breats in Compariion of the Diſtance of the Lines 
a: paralle]. from one another, are nearly, or, as we may ſay, 
phyſically parallel ; that is to ſay, they will have the 

ſame Effect in Nature, and the phyſical Obſervations 

that are to be made from them, will be the ſame, 

as if the Lines were abſolutely parallel. Now the 
Diſtance of the Earth from the Sun is ſo great, that 

the Diameter of the Earib, compared with it, is 

but as a Point, as is now acknowledged by all Ma- 
thematicians ; for this Diameter, ſeen from the Sun, 

does appear under an unperceptible Angle, or which 
is ſo ſmall, that the Eye cannot obſerve it, and the 

Earth appears only like a Point: and therefore in 
Compariſon of the great Diſtance of the Sun, it va- 
niſhes; and conſequently Lines drawn from the 
Center of the Sun to different Parts of the Earth, 

will be at leaſt phyſically parallel. Moreover it is 
known 


LECTURES. 


known in Geometry, that if a right Line falls upon Lecture 


two other right Lines, ſo as to make the two inter- 
nal Angles on the ſame Side equal to two right An- 
gles, that theſe two Lines on which it falls are pa- 
rallel, by 29 Prop. Book Firſt, of Euclid Let there- 


of the Earth, and C the Center of the Sun; draw- 
ing AC and BC, the Angles A, B and C of the 
Triangle ABC are equal to two right Angles: Now 
the Angle C at the Sun vaniſhes, and is next to no- 
thing; for the Earth, ſeen from the Sun, looks like 
a Point; and therefore the Angles at A and B muſt 
make by themſelves two right Angles very nearly, 
and therefore the right Lines A C, B C, are nearly 
rallel. It is upon the ſame Account, that if there 
taken two Threads with Plumbets to make them 
hang perpendiculatly, the Directions of thoſe Threads 
are by all Artificers eſteemed as parallel, though 
their Directions will meet at the Center of the 
Earth, to which all heavy Bodies have a Tendency or 
Propenſion. 

War we have faid in this Caſe concerning the 
Earth, is alſo true of the for its Diameter 
has a much leſs Proportion to, the Diſtance of the 
Sun, than that of the Earth has to it. And not 
only Lines drawn from the Sun to any Points of 
the Earth and Moon, are to be reputed parallel; 
but if there be two Lines drawn, one from the 
Center of the Sun to the Earth, the other from 
thence to the Moon, theſe may be likewiſe taken as 


Parallels; for they will not ſenſibly differ from a 
Paralleliſm, eſpecially in the Time of Eclipſes: The 


Difference of theſe Lines from real Parallels is fo 
ſmall, that it will make no ſenſible Error in the Cal- 
culation of Eclipſes. 

Wx likewiſe premiſe the following Lemma, which 
is eaſily demonſtrated : 


Ir two right Lines AE, BF, touch @ Circle, and Plate VIL 
there be drawn from the Points of Contact to the F'g- 7. 


Center the Lines AD, * 3 the Angle at the Cen- 4 
2 ter 


Plate VII. 
fore the Line A B be the Diameter or Semidiameter Fig. 6. 


* 


Fig. 8. 
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Lecture ter contained under theſe Lines, will be equal to the Angle 
that the Tangents make ' with one another. For in the 
k, four- ſided Figure G A BD, all the Angles make four 
Rights: But the Angles A and B make two Rights, 
by the 18 Prop. Book Third, of Euclid: Wherefore 
the Angles AGB and D, are equal to two Rights. 
But by the 13th Prop. Book Firſt, of Euclid, the An- 
gles; AG B and EG are equal to two right Angles ; 
and therefore the Angles D and EGB are equal, 
ſince the Angle AGB makes two right Angles with 

either of them, | 
De Di. Lr the Circle AB K repreſent the Globe of the 
menſion of Earth, AM the Line which joins the Centers of 
the Angle the Sun and Earth; to which let the Diameter 
of the Co- CB be perpendicular: If from B there be drawn 
nical Sha- to the Center of the Sun the Line EF, this Line 
dow, will be parallel to the Line CM, as has been 
Plate VII. ſhewn : Make the Angle BCD equal to the appa- 
8. rent Semidiameter of the Sun; that is, equal to the 
Angle under which the Semidiameter of the Sun is 
ſeen from the Earth, and then through D draw the 
Tangent D G. By the Lemma above demonſtrated, 
the Angle GEF will be equal to the Angle BCD, 
or to the apparent 8 of the Sun; and 
therefore, fince the Line BF produced goes to the 
Center of the Sun, the Line GE D muſt touch its 
Circumference, and it will alſo touch the Earth, 
and being produced, will meet with the Axis of the 
Shadow CH in H, ſo that the Angle DHC will 
be half-the Angle of the conical Shadow. Now be- 
cauſe EF is parallel to M H, the Angles DHC and 
GEF are equal, by the 289th Prop. Book Firſt, of 
_ Fucid, But GEF is equal, as has been ſhewed, to 
the apparent Semidiameter of the Sn; wherefore the 
whole conical Angle K HD is equal to the apparent 


Diameter of the Sun. | N 
Theſe Au. THE fame Thing is to be demonſtrated of the 


ples in all Moon, and univerſally, the Sun's apparent Diameter 


Conical remaining the fame in all Spheres, which ate not 
Shadows bigger than the Earth; the Angles of the conical 
are equal. | Figures 


LECTURES. 


Figures which include the Shadows are all equal, and Lecture 
all their Shadows will be ſimilar Figures. This may XI. 


likewiſe be demonſtrated in this Manner. 


LET AGF be the Sun, DHE the Earth, S CPlate VII. 
a Line joining the Centers of the Sun and Earth, Fig. g. 


AD a right Line which touches both Bodies; and 
let the Lines AD, SC produced, meetin M ; the 
Angle A MS will be half the Angle of the ſhadowed 
Cone. Now in the Triangle SDM, the outward 
Angle ADS is equal to both the inward and oppoſitt 
Angles, by Prop, 32. Book Firſt, of Euclid; that is, 
the Angles DMS and DSM are equal to the Angle 
ADS; but the Angle DSM is nothing, or next 
to nothing, being the Angle under which the Simi- 
diameter of the Earth appears as ſeen from the Sun; 
and the Angle ADS is the apparent Semidiameter 
of the Sun; therefore the Angte DMS, or the Se- 


miangle of the Cone, is equal to the apparent Semi- 
diameter of the Sun. 
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LECTURE XI. 


Of the Penumbra and its Cone; the Height 
of the Shadow, and the apparent Diameters 
F the Shadows. # 


mote ESIDES the Shadow which is deprived 


Dok all the Sun's Light, there is à cer- 

\ tain Space Which is but a partial Sha- 
” Penum- do, and is called a Penumbra; for 

bra what. though all the Suns Body does not 


illuminate it, there are, for all that, Rays com- 

ing from ſome Part of the Sun which do enter 

it, and render it lucid, the reſt of the Sun's Beams 

being intercepred by the opake Body of the 

Earth; and the Parts of this Penumbra will have 

ditterent Degrees of illumination, according as they 

are nearer or further removed from the Shadow. 

The Space of the Penumbra is to be determined in 

this Manner: _ fone ot Ne 

plate vIII. LET the Circle AEFG repreſent the Syn, HED 

Fig 1. any opake Sphere, for Example, the Moon, it being 

her Penumbra that we are at preſent concerned with; 

SC the Line which joins the Centers of both 

Spheres. Draw the Line FDO, touching the left 

Side of the Sun, and the right Side of the Moon; 

and the Line AHP, which touches the right Side 

of the Sun, and the left of the Mom: Let theſe / 

two Lines cut the Line SC in I. The Point I | 
remaining immoveable, either of the right Lines 
1D O, or IH, being extended indefinitely, let 
x $2 34h a3 3 LET - Aae 
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them be turned round the Axis IM, with a conical Lecture 


Motion, fo that they may always touch the Globe XII. 
of the An; there will by that means be generated 


an indefinite coeal Surface, including both the Sha- 
dow and the circumambient Space ODM PHM; 
into which Space ſome Rays of the Sum are hindered 
from entering by the opake Body of the Moon And 
this is the Space which we call the Perumbra, which 
is darker in X or Y, which are nearer the Borders of 
the Shadows than in V and N, which are nearer the 
conical Surface. For the Places X and Y are il- 
luſtrated with a ſmaller Portion of the Sun's Diſk, 
than the other Places further diſtant from the Avis 


of the Cone. Now, if the Earth come within this 


Space, a certain Portion of its Surface at S may be 
included in the total Darkneſs, and the Inhabitants 
of that Region will ſee à total Eclipſe of the Sun; 
but thoſe who live without this Shadow; but are till 
within the Penumbral Space, as about Q and X, will 
have no total Darkneſs, ſome Part of the Suns Diſk 
being ſtill vifible, while the reſt is hid by the Moon, 
For let us draw from Q the. Line Q D, touch- 
ing the Globe of the Moon; which being pro- 
duced to the Sun, the Point Q being immoveable, 
if the Line QD indefinitely extended be moved 
by a conical Motion round the Moon, the co- 
nical Surface it deſcribes, will cut off a Por- 
het of the San's Diſk, which is covered by the 
bon. 


We find the Dimenſions of the Cone of the Plate VIII. 
Penumbra in this Manner: Let the Circle HDL Fig. 2. 
repreſent the opake Sphere of the Moon, SC the T Di- 
Line joining its Center with the Center of the en % 
Sun; and let CB, the Semidiameter of the Moon,” — 
be perpendicular to CS, and BF parallel to it * Ws 
touching the Moon in B. Make the Angle BCD 


equal to the apparent Semidiameter of the Sun, and 


through D draw D G a Tangent to the Moon. And- 


by the Lemma premiſed, the Angle FEG will be 


equal to the Angle BCD, or to the apparent Schi- 


14 diameter 
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Lecture diameter of the Sun; and therefore, ſince the Line 
XII. EF goes to the Center of the Sun * Line E DG 
Ly muſt touch che inferior Limb of che San: But it 

| alſo touches the Aeon; and therefore the Point I 
of this Line being immoveable, if it be carried by 

a conical Motion round the Moon, it will generate 

the Surface which includes the Penumbra. And be- 
cauſe of the Parallels EF, CS, the alternate Angles 

F EI and EIC will be equal; but the Angle EIC 
is the Semiangle of the Cone, and FEI is the ap- 
parent Semidiameter of the Sun; and therefore half the 
Angle of the Penumbral Cone is always equal to the 

apparent Semidiameter of the Sun. Ihe Cone there- 

fore of the total Shadow, and that Part of the Pe- 
numbral Cone which lies between the Sun and the 
Moon, are equal and ſimilar Figures, for they have 

their vertical Angles and Baſes equal. 5 
plate VIII. Tur Height of the Shadow of the Earth is 
Fig. 3. thus determined: Let CT be the Semidiameter 
of the Earth, T M the Height of the Cone or 
Shadow: If TM be the Radius, CT will. be 
the Sine of the Angle T M C, which is half the 

Angle of the Cone. 4 And this Angle is equal to 

the apparent Semidiatneter of the Sun, -as has been 

ſhewed, and in the mean Diſtance of the Sun, is 

The Height about 16 Minutes. Let theret6re the Sine of 16 
of the Minutes bs to the Radius, as - the Semidiameter 
Earth's of the Earth to a fourth; and we ſhall find TM 
oP . equal to 214, 8 Semidiameters of the Earth: But 
when the Sun is at his greateſt-Diſtance, half the 
Angle of the Cone is fifteen Minutes, and 50 Se- 
conds ; and the Height of the. Shadow becomes 
217 Semidiameters of the Earth : And fince the 
Diameter of the Earib is to the Diameter of the 
Moon, as 100 is to 28: the Altitude of the 
Earth's Shadow will be to the Altitude of th 
Mien's in the ſame Proportion; for the conical 
The Height Shadows are | fimilar Figures; and therefore the 
of the "Height of the Moon's Shadow will be 59,36 Semi- 
oons diameters of the Earth. Hence, if the Diſtance 
Shadow. 9 a n | | 8 1 of 
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f the Moon from the Earth be greater than her mean Lecture 
Diſtance, which is about 60 Semidiameters of the XII. 
Earth, the Shadow of the Moon cannot reach the | 
Earth; in which Caſe there may be/ a central Eclipſe 


of the Sun, but nota total one: But round the Moon 


there will appear Part of the Sur's Body, in the Form 
of a luminous Circle, which, like à bright ſhining 
Ring of Gold, will embrace the Body of the Moon. 
It alſo follows, that if in the Time of the Eclipſe, 
the Anomaly of the Moon be leſs than three Signs, 
or bigger than nine Signs, there can no where be a 
total Eclipſe of the Syn; for in all theſe Degrees of 
Anomaly, the Diſtance of the Aon is greater than 
her mean Diſtance. ＋ 
To find how much of the Earth's Surface can The Por- 
be involved in the Men's Shadow in the Time of tion of the 
an Eclipſe, when it directly falls upon it: Let us Earch'?- 
ſuppoſe #He Diſtance of the Sun to be the. greateſt Surface 
that can be; in which Caſe the Height of the coni- Va _ 
cal Shadow of Moon, is about 60 Semidiameters be 124 
of the Earth : Let us likewiſe ſuppoſe the Diſtance _—"—_— 
of the Moon from us, to be the leaſt that can be, wY 
that the Earth may receiveathe moſt of the Sha- 

dow. This leaſt Diſtance "of the Moon from the 

Earth is about 56  Semidiameters of the Farth : 

Now let L repreſent the Mean, and T the Center plate 

of the Earth; LT the Diſtance of the An from VIII. 

the Earth, which is equal to 56 Semidiameters ; Fig. 4. 
and fince LM is 60, IM muſt be four Semi- 
diameters, and IT B will be to T Mas 1 to 4. 

But as I g is to T M, fo. is the Sine of the Angle 
TMB, which is 15 50”, to the Sine of the Angle 

T BM; by which Means we find the Angle T BM 
to be 63 Minutes and ro Seconds. But the Angle 
AT B is equal to both TT MB and TB M, by 32 
Prop... Book iſt, of Euclid; and therefore the Angle 
ATB is 79 Minutes, and ſuch is the Arch AB; 

the double of which is the Arch B C, equal to 158 
Minutes, or to 180 Eg Miles. We have here 
ſuppoſed the Auis of the Shade to paſs * the 

. | TY nter 
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of the Shade to paſs through the Center of the Earth ; 
XII. which it does when the Centers of the Sun, Barth, 
Lan and Moon, are in the fame Right Line preciſely : 
But when the three Centers do not lie in the 
ſame Right Line, the conical Shade is cut obliquely, 
and the Figure of it upon the Zarth is Oval, whoſe 
Diameter is eaſily to be determined by the Diſtance 
2 the Moon from the Jun ſeen from the Center of the 
arth. LE 
Heu much I we inquire how much of the Surface of the 
of the Sur- Earth can be involved in the Penumbra, it may be 
2 1 found this Means: Let us ſuppoſe the Appa- 
in tbe Pe. rent Diameter of the Sun to be the greateſt, which 
numbes is when the Earth is in her Perihelion, and is about 
Plate, 16“ 23“. Let ABD be the Earth, L the Moon, 
VIII. and AMB be half the Angle of the Cone, which 
Fig. 5. is likewiſe 16' 23”: By which we ſhall find the 
Height of it LM, equal to 5g and a half Semi- 
diameters of the Earth. Let the Mon be in her 
Apogeon, and therefore at her greateſt Diſtance from 
the Earth, which is 64 Semidiameters of the Earth ; 
and T M is equal o both T Land L M, that is 
to 1224 Semidiameterf, But by a Trigonometrical 
Theorem, TB is to T M, as the Sine of the An- 
( TMB is to the Sine of the Angle M BN or 
B T. But T B is to TM as 1 is to 1222, 
and the Angle TM Bis 16 Minutes 23 Seconds; 
and therefore we ſhall find out the Angle MB N 
to be 35 ees and 42 Minutes, which Angle 
is equal to both the Angles TMB and MT B. 
_ — If therefore from the Angle MBN 35 Degrees 
42 Minutes, we ſubtrat the Angle TMB, there 
will. remain the Angle MT B 35 Degrees 25 Mi- 
nutes, which is the Meaſure of the Arch AB; 
whoſe double 70 Degrees and 50 Minutes, is equal to 
By Arch CAB, which makes about 4900 Engli/h 
| iles. | 
5 Ir the conical Shadow of the Earth at the 
"A Diftance of the Moon, be cut with a Plane per- 
pendicular to its Axis, the Section will be a I 
CEA wh; 
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which is called the Shadow, whoſe Apparent Dia- Lecture 
meter ſeen from the Center of the Earth is thus deter- XII. 
mined : Let 'T be the Center of the Earth, CM To umus 
half the Angle of the Cone, FLH the Section whoſe 7% appa- 
Diameter is F H. Having the Angle of the Cone, we rent Dia- 

by what Means can find its Altitude TM; but we meter e 
have alſo TL, the Diſtance of the Moor from the the Sha- 
Earth: and therefore we can find ML: But we have gane the 
alſo the Angle F M L ; therefore we can find out F G - 
half the Diameter of the Shadow at the Diſtance of ow of 
the Moon: And therefore in the rectangled Triangle % Moon 
F TG, having the two Sides F G and T G, We ter- 
can find by Trigonometry the Angle F T G, the »ined. 
apparent Semidiameter of the Shadow ſeen from the Plate VIII. 
Center of the Earth. It may likewiſe be thus Fig. 3. 
found Having F T the Diſtance of the Moon Another 
from the Earth, and C T the Semidiameter of the Yay 
Earth; in the Triangle CFT, we may find outs the 
the Angle CF T, which is equal to the two An“ 
gles FM T and FTM: If therefore we ſubttact 
the Angle F MT, which is half the Angle of the 
Cone, from the Angle CF T, we ſhall find the - 
Angle FTM or F TL: The Angle CFT is 


the Ann, and is called the Horizontal Parallax of the zontal Pa- 
Mein, the Reaſon of which we ſhall ſhew, when we rallax of 
come to treat about Parallaxes. Theſe apparent Se- ;4e Moon. 
midiameters of the Earth, or Horizontal Parallaxes 
of the Aeon, conſtantly vary as the Diſtance of the 
Moon does, and they are found ready calculated in 

LzT M be a Portion of a Line in the Plane pi * i: 
of the Ecliptick & L a Portion of the Lunar Or- Edo of 
bit which the Moon moves through, abbut the Time % Moon. 
of Full Aeon; which becauſe it is fmall, m 
repreſented by a Right Line. Let the Circle FMO 
repreſent the Shadow of the Earth at the Diſtance e 
of the Meri, and its Center G; GL is the La- 
Etude of the An in the Time of Full Auen, which 

. 18 
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the apparent Semidiameter of the Earth, ſeen from The Hoi. 
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Lecture is almoſt equal to the ſhorteſt Diſtance of the 
XII. Mien from the Plane of the Ecliptick. It is ma- 
nifeſt that if G L, the Latitude of the Moon, be 
Plate IX. greater than the Sum of the Semidiameters of the 
Fig. 1, 2, Moon and Shadow; then the Moon will no Part of it 
enter into the Shadow: But if the Latitude of the 

Moon be juſt equal to theſe two Semidiameters, then 

the Limb of the Mor will juſt touch the Shadow, but 

not enter it: But if the Latitude of the Moon be leſs 

than this Sum, but greater than their Difference, 
there will be a partial Eclipſe; and if the Latitude of 
the Moon be leſs than the Difference of the Semidia- 
meters of the MAaon and Shadow, the Eclipſe will be 

2 total: And by this Means we can find out the Eclip- 
TheLimits tick Terms or Limits, which are ſuch, that if the Di- 
of Eclip/es. ſtances of the Moon from the Node be leſs than the 
are, in the Time of Tull Moon, there will be an E- 

Plate IX. Clipſe 3 if greater, there can be no Eclipſe. Let g 
Fig. 3 & repreſent a Portion of a Line in the Plane of the E- 
 , cliptick, parallel to the Eartb's Orbit; K L, a Por- 
TheLimits tion of the Moon's Orbit; 8 L, the Latitude of the 
— Moon, when at Full » And let us ſuppoſe the Lati- 
* tude to be ſuch, tha the Margin of the Mon may 
| juſt: touch the Shadbw, and let the Node be at &. 
The Angle LK 8 is the Inclination of the Orbit 
of the 141 to the Plane of the Ecliptick, which is 
five Degrees; and L S the Latitude of the Moon, 
when its Limb touches the Shadow, equal to 66 
Minutes; and therefore in the rectangular Triangle 
K LS, having LS and the Angle L £5 we can 
find & 8, the Diſtance of the Node. f the Point 


5 of the Ecliptick oppoſite to th Sun, which is 54 


Minutes, or 12 Degrees 34 Minutes. And if in 

the Time of Full Mom, the Moon's Place in the 

Ecliptick be further diſtant from the Node, than 12 

Degrees 34 Minutes, there can then be no Eclipſe of 

Let L be the Center of the {zon, whoſe coni- 
cal Shadow is DM E. Imagine this Shadow cut 
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at the Diſtance of the Earth, with a Plane perpen- Lecture 
dicular to its Axis; the Section will be a Circle, XII. 
whoſe Semidiameter IP is called the Semidiameter_..._, 
of the Moon s Shade: Now the Angle under which Plate IX. 
this Semidiameter appears, ſeen out of the Moon, is Fig. 4. 
equal to the Difference of the Semidiameters of the The Dia- 
Sun and Moon ſeen from the Earth : For the Angle wee of 
LPD is the apparent Semidiameter of the Mean e Moon', 
ſeen from the Earth, which is equal to the two in. 5 Ear f. 
ternal Angles PM L and PL M; and therefore, if 2 * —4 
we ſubtract from the Angle LP D, which is the % 7. 
apparent Semidiameter of the Men, the Angle Moon. 

P ML, which is equal to the apparent Semidia- 
meter of the Sun, there will remain the Angle 
PLT, the apparent Semidiameter of the Shadow 
ſeen from the Moon. F . 
AGAIN: Let L be the Center of the Moon, Plate IX. 
AM B the Penumbral Cone of the Moon, extended Fig. 5 
as far as the Earth, and its Axis MT; if this Cone 
at the Diſtance of the Earth be cut by a Plane 
tranſverſely, the Section will a Circle whoſe Se- 
midiameter is A T, and is ca the Semidiameter 
of the Penumbra. And the Angle under which it 
appears from the Ahn, is the Angle T L A, which 
is the external Angle of the Triangle LM A, and 
is equal to both the inward Angles LAM and 
LM A. But the Angle LM A is halt the Angle 
of the Cone, which is the ſame with the apparent 
Semidiameter of the San; and MAL or CAL is 255 4 
equal to the apparent Semidiameter of the Maon, is , es 
from the Earth; and therefore the Apparent Semi- y;amerer o 
diameter of the Penumbra ſeen from the don ſeen the Pe- 
equal to the Sum of the Semidiameters of both the numbra. 
Sun and Mom. | 
Ir the Sun had no apparent Motion ariſing from _ ay 
the real Motion of the Earth, the Way of the Moon lie 
from the Sun would be the ſame with her real "i * 
Way in her Orbit: But becauſe, while the Moon is Sun. 
proceeding in her Orbit, the Sus allo ſeems to move 
in the Ecliptick, the Way the {con moves towards 


or 
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Lecture or from the Sum, will be different from that which 
XII. ſhe has in her Orbit; and its Inclination to the 
Ecliptick will be "ry than the Inclination of 
Plate IX, the Orbit to it, Let & A be a Portion of the 
Fig. 6 Mom's Orbit produced to the Ecliptick : And ſup- 
| ſe the Sun and Moon in Conjunction in the Nade : 
ow, then, while the Moon in her Orbit deſcribes 
the Space & L, the Sun by his apparent Motion 
will deſcribe the Space g S in the Ecliptick, and 
'SL will be the Way. of the Mio from the Sun. 
Now if two Bodies be both moved the fame Way, 
but one faſter than the other, their relative Motion, 
whereby the one recedes from the other, is the ſame 
as if the loweſt Body ſtood ſtill, and the other 
moved on with the Difference of Velocities, as we 
have demonſtrated, yn our Phyſical Lectures. Thro” 
the Place of the Man L, draw BL parallel to the 
Ecliptick, to which let & B ke perpendicular. Now 
while the {or in her Orbit deſcribes the Space & 
L, its Motion according to the Ecliptick is equal to 
the Space BL; take L/ equal to & S, and draw 
Kl, it will be parallel to SL; and the Motion 
of the Mom from the Sun will be the ſame as if the 
Sun had remained in the Node, and the Moon, ac- 
| cording to the Ecliptick, had been carried with the 
- Velocity BI which is the Difference of the Ve. 
1 locities of the Sun and Mon, according to the E. 
cliptick. Becauſe the Angles BL & and B/g 
are but ſmall, the Angle BL & will be to the 
Angle B/ K, as B/ is to BL; that is, as the 
Difference of the Motions of the Sun and Moon, 
according to the Ecliptick, is to the Motion of 
the Moor, in the 5 A ſo will the Angle which 
the Orbit of the Mon makes with the Ecliptick, 
be to the Angle B K, which is equal to the 
Angle LS E, or the Inclination of the Way of 
the Moon from the Sun to the Ecliptick: And by 
this Means we can find out the, Angle, which a Cu- 
ele of Latitude, drawn through any Point of the 
Eeliptick, makes with the Way of the Afr: _ 
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the Sun, For in the rectangular new ical Triangle, Lecture 
which the Ecliptick, the Circle of Latitude, and XIII. 
the Way of the Menn from the Sun do form, we 
have one Angle, which is the Inclination of the 
Way of the Mom from the Sur to the Ecliptick, 
and its Baſe, which is the Diſtance of the Circle- 
Latitude from the Node ; and therefore we can find 
the other acute Angle. 
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Of the Projettion of the Moon's Shadow on 
| the Diſk of the Earth. 


Fa Right Line be) projected on a Plane 

— that is parallel to it, by letting fall 

from all its Points Perpendiculars on 

the Plane, the Projection or the Place 
| & where all Perpendiculars meet with the 
Plane will be a Right Line, parallel and equal to the 

former Line which was projected. For the Perpen- - 
diculars that fall from the Extremities of the Right 
Line, are parallel and equal; and therefore the 

Lines which join them will be parallel and equal. 

HENCE, if two Right Lines touching one an- 
other, be parallel to any Plane, the Projections 
of theſe two Lines upon that Plane, will contain 
an Angle, equal to the Angle the Lines them- 
ſelves make together; this is plain by Prop. 10. 

Book XI. of FEuclid. Hence all Plane Figures 
projected on a Plane parallel to themſelves *. 
or 
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Lecture for their Projections, Figures exactly ſimilar and equal 
XIII. to themſelves. 1 

Burt if a Line be 'inclined to any Plane, its 

Plate x. Projection upon that Plane, made by letting fall 
Fig. 1. from it Perpendiculars to the Plane, will be to the 
Line itſelf, as the Coſine of the Inclination of 

the Line is to the Radius. For let AB be a Line 

inclined to the Plane, and let DE repreſent the 

Plane: Letting fall from the Points A and B, the 
Perpendiculars A a, Bb; a will be the Projection 

of the Line AB; to which if we draw through 

B the parallel Line BC, meeting with the Per- 
pendicular Aa in C, this Line BC is equal to 

ab: But BCis to AB, as the Sine of the An- 

gle CAB, or the Coſine of the Angle ABC to 

the Radius; that is, as the Coſine of the Angle of 
Inclination is to the Radius, ſo is a % to A B. 

Hence it follows, that every Figure, whoſe Plane is 
perpendicular to the Plane of the Projection, is pro- 

jected in a right Line. For the Perpendiculars from 

every Point of the Figure, will all fall upon the 
common Interſection of the Plane of the Figure, 

An Ortho- with the Plane of the Projection. Such a. Projection 
| 44 OE of Lines and Figures is called an Orthographical Pro- 

7 e101, j ection. | 

REF I x we imagine a Plane to paſs through the Center 
of the Earth, ſo that the Line which joins the Cen- 
ters of the Sun and Earth, may be perpendicular to 
this Plane, it will make on the Surface of the Earth 
a Circle, which will ſeparate the illuminated Hemi- 
ſphere of the Earth from the dark. This Circle we 
before called the Circle bounding Light and Dark- 
neſs, but we will now call it the illuminated 
Diſk ; which Diſk is directly ſeen by a Spectator 


The Diſs placed at the Diſtance of the Joon, in the Right 


the Earth. Line which joins the Centers of the Sun and 

Earth. Upon this Circle the Earth's Equator, 
The Or- its Parallels, Poles, and all the other Circles which 
thogra- we imagined, are to be ſuppoſed, projected Or- 
phical thograpbicaly. For all Lines drawn from the 
Projettion Center 
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the Plane of the Projection. But in other Poſitions 


the Place comes to the — Edge of the Diſk, 
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Center of the Sun to every ſingle Point of the Lecture 
Diſk, are to be accounted parallel; and therefore XIII. 
fince that Line which is drawn to the Center f 
the Diſk is perpendicular to it, all the reſt will be 
perpendicular to it ; and therefore all Lines drawn 

from the Center of the Sun, and paſſing through 

every Point of any Circle upon the £arth's Sur- 

face, when they are produced, will be perpendicu- 

lar to the Plane of the Diſk. Moreover a Specta- 

tor in the Moon will fee all Countries, Cities and 

Towns to move upon the Diſk, which Motion 

is occaſioned by the Rotation of the Earth round 

its Axis, and every Point will have its Way on 

the Diſk; for by the diurnal Gyration all Places 
deſcribe either the Æquator, or one of is Parallels ; 

and if the Sun be in the Plane of the Æquincctial, 

or rather, if the Plane of the Aquinoctial paſſes 
through the Sun, the Æquinoctial and all its Pa- 

rallels are in that Caſe projected into right Lines; 

for they will all be perpendicular to the Diſk, or 


the Projections of theſe Circles will be Ellipſes, 
which ere the Ways that all the Places of the 
Earth are ſeen to move in o the Diſk: Now if 
through the Pole and the Sun there be a great Cir- 

cle drawn which cuts the Earth, and this Circle 

be projected on the Diſk, we ſhall have an uni- 

verſal Meridian, to which when any Place is ob- The uni- 
ſerved to come, the Inhabitants of that Place will 24 
have Mid-day. And when any Place is firſt. ſeen Meridian. 
to touch the Veſtern Limb, or Edge of the 

Diſk, the Inhabitants of that Place will then fee 

the Sun ariſing upon them. But a Spectator at 

the Moon will fee the Place to riſe and come upon 

the Diſk, and will ſee it move towards the 
Eat: And as ſoon as it has paſſed the univer- 

ſal Meridian, the Place then being gone to the 
Eaſtruard, the Sun ſeen out of the Earth from the 

Place will appear to move //:/tward. But when 
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Lecture our Spectator in the Men will obſerve the Place 

XIII. to ſet in the Diſk, and hide itſelf in the dark Side; 

but the Inhabitants of that Place upon the Earth's 

Surface will fee the Sas ſet in the V, and with- 
draw himſelf out of Sight. | 

The Big- THE Bigneſs of the Diſk is to be eſtimated by 

neſi of the the Angle under which the Earth is ſeen from the 

Diſt deter- Mon, and is of the ſame Quantity with the Hori- 

mined. gontal Parallax of the Moon. And if from the 

Moon there be let fall a Perpendicular upon the 

Plane of the Ecliptick which mealures the Diſtance 

of the Moon from the Ecliptick, this Line being 

parallel to the Plane of the Pick, will be projected 

into a Line equal and parallel to itſelf; and the 

Angle under which the Projection of this Line ap- 

pears from the Moon, will be equal to the Angle 

under which the ſame Line is ſeen from the Earth; 

for equal right Lines at equal Diſtances, being ſeen 

TheProjec- directly, appear under equal Angles. The Way of 

tion of the the 45 5 from the Sun, if ſuch a ſmall Portion of 

Moon's it be taken as is turned towards the Diſk in the 

Way en ibe Time of an Eclipſe, may be eſteemed as a right 

Dif. Line, and will de projected upon the Diſk into a 

right Line, which ts equal to itſelf; and its Pro- 

jection with the Projection of the Circle of Latitude 

will contain the fame Angle, that theſe two Lines 

make in the Heavens: The Spectator in the Moon 

will ſee this Line to be deſcribed upon the Plane of 

the Diſk, by the Center of the Shadow and of the 

| Penumbra which coincide. | r 

Plate K. LET now the Circle DGK repreſent the Diſk 

Fig. 2, 3, of the Earth, whoſe Semidiameter let us ſuppoſe 

4.5 to be divided into as many Parts as the Horizontal 

Parallax of the Men contains Minutes and Se- 

conds. Let the Line N' repreſent the Diſtance 

„of the Jon from the Ecliptick in the Time of 

New Moon, projected on the Plane of the Diſk; 

which allo muſt conſiſt of as many Parts as the 

Latitude of the Mon contains Minutes; and let 

likewiſe K & be a Portion of the Ecliptick, & 7 

; a Portion 
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a Portion of the Way of the Moon from the Syn, Lecture 
both projected on the Plane of the Diſk. From the XIII. 
Center I, let fall on the Way of the Shadow a Per- 
pendicular TV; this Line will meaſure the leaſt Di- 73, p,c. * 
ſtance that is between the Centers of the Diſk and pore» of 
Shadow. At the Center V deſcribe a ſmall Circle, %e Moon's * 
whoſe Semidiameter may be equal to the Difference of Lariruds. 
the apparent Semidiameters of the Mon and Sun; 
this Circle will repreſent the Breadth of the Shadow : 
For we have ſhewed, that this Shadow, ſeen from the 74% $4a- 
Moon, at the Diſtanc of the Earth, was equal to the dow pro - 
Exceſs whereby the apparent Diameter of the Moon, jected. 
exceeds that of the Sun. Again, let there be de- 
ſcribed another Circle H M, at the Center V, whoſe 
Semidiameter V H bears the ſame Proportion to the 
Semidiameter of the Diſk, as the Sum of the Semi- 
diameters of both Sun and Moon bears to the apparent 
Semidiameter of the Earth ſeen from the Moon; or, 
which is the ſame, to the Horizontal Parallax of the 
Mom : This Circle will repreſent the Penumbra, pro- The Pen- 
jected at its ſhorteſt Diſtance from the Center of the nubra 
Diſk ; For we have ſhewed, that the apparent Se-. 
midiameter of the Penumbra, ſeeft from the Aeon, X 
was equal to the Semidiameters of both Syn and Mon. 
And therefore, if this Circle does not touch the Disk 
there can be no Eclipſe; that is, if the Diſtance VT 
be greater than the Sum of the Semidiameters of the - 
Disk and the Penumbra; or, which is the ſame, greater 
than the Sum of the Semidiameters of the San and NG” 
Moon, and of the Horizontal Parallax of the Moon, 
there can be no Eelipſe- But if the Diſtance V TV 
be equal to this Sum, the Penumbra will touch the can be 10 
Disk, without obſcuring the Sun, or any Part there- Eclip/e of 
of: But if VT be leſs than this Sum, that is, if it e Earth. 
be leſs than VM and IT R, the Penumbra will cover 1 
ſome Part of the Disk; and thoſe that lie within Ven Here 
the Segment RZ MY, will ſee at leaſt a partial / le ar 
Eclipſe of the Sun. But if the Diſtance V 'T be leſs £7. 
than the Difference of the Semidiameter of the Disk, 
and the Semidiameter of _ Shadow, then the _ . 

11. 2 o 
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Lecture dow will cover ſome Part of the Disk, and make 2 
XIII. total Eclip/e of the Sun in all thoſe Places. it paſſes 
over. T heſe total clipſes are always but for a ſmall 
Total E. Portion of Time, becauſe the Diameter of the total 
clig/es of Shade is but ſmall; the apparent Diameter of the 
the Sun. Moon never exceeding the apparent Diameter of the 
| Sun, but by a very ſmall Matter, which is ſeldom 
equal to two Minutes; which Space the Center of 
the Shade paſſes over on the Disk in the Space of 
four Minutes of 'Time: But yet the Stay that it may 
make on any Place, may be longer than this; upon 
the Account of the Motion of the Place which fol- 
lows the Shade. 
The Eclip- HERNCE we may know the Ecliptick Limits, or 
tick the Diſtance of the Moon from the Nodes, at the 
Limits. Time of New Men; ſo that an Eclipſe of the Sun 
may be poſlible : For let the Circle RO G repreſent 


the Disk of the Eartb; K TK and g N, the 


Projections of a Portion of the Ecliptick, and of the 
Way of the Moon from the Jun upon the Plane of 
the Disk. And let T V be the leaſt Diſtance of the 
Center of the Disk and Shadow; which ſuppoſe 
equal to the Sum off the Semidiameters of the Digk 
and Penumbra : Then in the rectangular Triangle q 
TV, we have the Side IV; which, when it is big- 
. geſt, is about 94; Minutes. We have likewiſe an 
Angle at K, which, when it is leaſt, is 5 Degrees 
and 30 Minutes: From whence we ſhall find N T 
equal to 986 Minutes; or to 16 Degrees and 26 
Minutes. And ſince in this Caſe the Penumbra only 
touches the Disk, it is plain, that there can be no 
Eclipſe, unleſs the New Moon be nearer to the Node 
than 16 Degrees and 26 Minutes. | 
Plate x LE r the Circle RK G, as before, repreſent the 
Fig. 6. Disk of the Earth; A TK a Portion of the Eclip- 
tick projected on the Plane of the Disk; & / the 
Way of the Moons Shadow on the Disk; TN 
the Latitude of the Moon, and T the ſhorteſt 
Diſtance of the Centers of the Shadow and Disk. 
Let the Circle OPQ be the Penumbra, 8 
3 rom 
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that is, when the Center of the Shadow is in N, 
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from D by V tol; in the Middle of which is a Lecture 
ſmall Circle repreſenting the Shadow: And let us XIII. 
ſuppoſe we know the Time of the Conjunction aa, 


which we find by Aftronomical Tables; by that 

Means we can find the Time when the Center of The Time 

the Shade is in V, that is, the Time of the Middle % Mid 

of the general Eclipſe. For in the rectangled Tri- dle 2 Pp, 

angle TVN, we have TN the Latitude of the Z oe. 

Alon, and the Angle TN V, Which the Circle of 

Latitude makes with the Way of the Moon from the 

Sun; and therefore we can find VN and TV. 

But by the Horary Motion of the Mem from the 

Sun, we can find out the Time the Shadow will paſs 

through the Space NV; and this Time either added 

or ſubtracted from the Time of the Conjunction, 

will give the Time of the Middle of the Eclipſe. 

Moreover in the Triangle DV'T, right-angled at 

V, we have the Side D T, which is the Sum of the 

Semidiameters of the Disk and Penumbra, and the 

Side TV the thorteſt Diſtance of the Shade from 

the Center of the Disk; therefore we can find out 

the Side D V, and by it the Time when the Shade 

enters the Disk; and from that we ſhall have the 

Semiduration, or half the Time the Eclipſe continues The 

upon the Disk. After the ſame Manner we ſhall duration. 

find the Time when the Shade leaves the Disk, or 

the Time of the End of the Eclipſe. 
HavinG the Place of the Sun in the Ecliptick ' » 

for any Moment of Time, we can thereby find the 

Place on the Surface of the Earth, upon which the 

Sun at that Time is vertical: For the Latitude of 

the Place is equal to the Declination of the Sun at To find the 

that Time; and its Longitude is found by turning Place t 

the Time from the Meridian into Degrees and Mi- hich the 

nutes of the Æquator, allowing for every Hour 15 

Degrees, and for every Minute of an Hour 15 Mi- 4 

nutes of a Degree. For Example. The Longitude 

of a Place, in whoſe Vertex the Sun is, when at Ox- 

ferd we reckon 9 and an half in the Morning, is 

0 K 3 | known 
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Lecture known by ſubtracting q and a half from 12, and then 


XIII. there will remain 2 Hours and thirty Minutes; which 
Cy multiplied by 15, make 37 Degrees and 30 Minutes. 
And therefore that Place will be 37 Degrees and 30 
Minutes to the Ea of Oxford. 4 

LE r the Circle FR K repreſent the Diſk, as 
before; F TK a Portion of the Ecliptick projected 


* 
- 


' Flats X, on the Diſk; on which from the Center ere& the 


Fig. 7. Perpendicular TR: This Line will be the Pro- 
jection of the Axis of the Ecliptick, and the Point 
R of its Pole. Let the Point P be the Projection of 
the Pole of the Earth : Through T and the Pole P 
let us imagine a Circle to paſs, and to be projected 
on the Diſk. This Circle will repreſent the univer- 
The Ele- ſal Meridian; and the Elevation of the Pole above 
wation of the Plane of the Diſk, will always be equal to the De- 
the Earth's clination of the Sun. For the Arch of the Meridian 
Pole aboV between the Sun and Periphery of the Disk, is a 
the Dife. Quadrant of a Circle; and the Arch of the Miridian 
between the Equator and the Pole, is likewiſe a 
Quadrant: Wheretore taking away from equal Arches 
the common Arch TP, there will remain PS, the 
Elevation of the Pte above the Disk, equal to the 
Diſtance of the San from the Æquator. 

To find the It is here to be obſerved, that when the Sun is 
P. ſitien of in the Signs if 3 N Y BY u, or rather when the 
the Meridi- Farth is in the oppoſite Signs, the Point 8, wherein 
an wvhich the univerſal Meridian cuts the Limb of the Disk, 
Tals, thr will fall towards the Right Hand of the Pole of the 
1% Un. © Ficliptick. But when the Sun is in the other ſix Signs, 
the Point 8 falls upon the other Side of the Pole of 
the Ecliptick, contrary to what happens when the 
Projection is ſuppoſed to be made in a Plane parallel 

to the Disk at the Orbit of the Moon. 
Io find the Angle R TI 5, or the Arch of the 
Disk intercepied between the Pole of the Ecliptick 
and the Point S: In the right angled ſpherical Tri- 
angle RPS, we have the Arch RP, the Diſtance 
of the Poles of the Ecliptick and Aquator 231 De- 
grees; alſo the Side PS, which is equal to the De- 
clination 
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clination of the Sun: Wherefore, Ly, Trigmometry, Lecture 
we may find the Side RS, or the Meaſure of the XIII. 
Angle R TS. hin A 

To find the Place upon the Earth's Surface Q. Jo find the 
where the Sun riſing begins to be in an Eclipſe in its Place of 
upper Limb, and where the Shadow enters the Disk :e Earth, 
Draw through the Pole the Meridian PQ, co the ic is 
Point Q, where the Penumbra firſt touches the Disk in teach d 
and firſt, in the right-lined Triangle D T 1 
having DT and T V, we may know the Angle DTVz n Dra. 
to which if we add or ſubtract a given Angle V T P, 
which is the Sum or Difference of two known Angles 
VTN and NTB, we ſhall have the Angle Q T P. 
And then in the ſpherical Triangle on the Surface of 
the Earth SPQ, which is right-angled at S, we 
have SP equal to the Declination of the Sun; and 
the Arch SQ, which is the Meafure of the known 
Angle ST from whence we may find the Arch 
PQ, the Complement of the Latitude of the Place 
Q, and the Angle SPQ, whoſe Complement to 
two Rights is the Angle AP T, contained between 
the Meridian of the Place Q, d the Meridian of 
that Place to which the Sun is then vertical; and is 
the Meaſure of the Diſtance of the Meridian of the 
Place Q, from that of the Place which has the 
Sam in the Meridian at that Time. But we know 
the Place which has the Sun at that Time in its 
Meridian; wherefore we know likewiſe the Me- 
ridian or Longitude of the Place Q: But its Co- ; 
Latitude P Q was before found out. Having there- 
fore both the Longitude and Latitude of that Place, 
the Place itſelf muſt be known. 

B y the fame Method we can find out the Place of 
the Earth, which is firft involved in the total Sha- 
dow. And by a like Proceſs we may find out the 
Place M on the Surface of the Earth, which is un- 
der the total Shadow at any Point of Times either 
before or after the Middle of the Eclipſe. For the 
Time being known, we may find by the Horary Mo- 
tion of the Mon from the Sun, the Line MV and 
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Lecture the Point M, where the Center of the Shadow lies; 
XIII. and in the right-lined Triangle MV T, having MV 
Gyn and v, we may find M T and the A gleMTV; 
_ to which if you add or ſubtract the Known Angle 
V TP, we ſhall have the Angle MTP. But MT 

is the Sine of an Arch of the vertical Circle which 

paſſes through M, and the Point of the Earth's Sur- 

face directly under the Sun, the Semidiameter of the 

The Deter- Disk being made the Radius. And therefore, if we 
mination of fay, As the Semidiameter of the Disk is to MT, 
the Place ſo is the Radius to the Sine of an Arch; the Arch 
:nvolved found out by this Proportion will be the Diſtance of 
&y the Sha- the Fun from the Vertex M: And therefore in the 
dow, for ſpherical Triangle on the Surface of the Earth MPT, 
e we have PT the Diſtance of the Sun from the Pole; 
and MT the Diſtance of the Sun from the Vertex, 
and the Angle MTP. Hence we can find M, 

which is the Complemet of the Latitude of the 

Place; and the Angle MP T, which ſhews the 
Difference of the Meridians of the Place M, and of 

that Place to which the Sun at that Time is vertical; 

which Place by the Time is known, and therefore 

we can find the Place M. And by this Method we 

may find ſeveral Places over which the Shade does pals; 

and if they be joined by Lines, we ſhall have the Way 
of the Shade upon the Surface of the Earth. | 

THe Portion of the Diameter of the Sun ob- 
ſcured by the Moon, is known by the Situation of 
the Spedator within the Penumbra; or by his Di- 
ſtance from the Center of the Shade. For let 
ASB be the Diameter of the Sun, parallel to the 
Diameter of the Penumbra EF; draw the Line 
plate Xx. MCB, touching the ſuperior Edges of both Sun 
Fig. 8. and Mom ; and let FCA alſo touch the inferior 
Margin of the Sun: Then the Angle ACB is 

equal to the apparent Diameter of the Sun; and 
The Por- the Triangles ACB and MCPF are ſimilar. Sup- 


| tion of the pole then a Spectator within the Penumbra at 


ſolar Diſt G; draw the Line G CP, touching the Globe 
e6ſcurrd by of the Mn, which nearly paſſes through the for- 
mer 


— 


ä—Nj— ß— Ms i re 


— 


F 


FLY 


— 


LECTURES. 137 


mer Point C, and cuts off AP, that Part of the Lecture 
Sun's Diameter, which is obſcured by the Aeon, to XIII. 
the Spefator in G. But the right Line G P, ſince AYR 


it very nearly paſſes through the Vertex of the Tri- 


angles MCF and ACB, will divide the Baſes A B 
and MF in a like Proportion. And therefore A P 
is to AB, as FG to MF; that is, the obſcured 
Portion of the Sun's Diameter is to the whole Dia- 
meter, as the Diſtance of the Place from the Edge 
of the Penumbra, which is FG, is to FM the Se- 
midiameter of the Penumbra diminiſhed by the Se- 
midiameter of the total Shadow. b 

Tu Aſtronomers commonly divide the Diameters The Quan- 
of both Selar and Lunar Diſks into twelve equal % 9f the 
Parts, which they call Digits; and by them they Zei 
meaſure tha Quantity of the Obſcuration. And they J Bie 
ſay, the Ecliple is of ſo many Digits, as the obſcured 7 — 
Portions conſiſts of ſuch Parts. 

Ir we know the Poſition of any Place upon the Having 
Diſk for any Point of Time, and it be deſired toe Poftion 
find the Phaſis of the Eclipſe for that Time, as it is Je 
ſeen from the Place, it is to be found in this Man- es 
ner: Let 8 be the Poſition of the Place on the Diſk ;,, - > 
find out for that Point of Time, the Place of thepp,j, o 
Center of the Shade in its Path, which let it be M. 2h Zlipfe. 
At the Center M, with a Semidiameter, equal- to 
the Semidiameter of the Adoon, deſcribe the Circle 
AFL: Alſo at the Center 8, with a Semidiameter 
S B, equal to that of the Sun, deſcribe the Circle 
E F G, which the Circle AF L, cuts in E and F; Plite M. 
then E BF A will be that Part of the Sun, which Fig. 9. 
is covered by the Moon from a Spefator in 8. For 
produce the Semidiameter of the Moon M A through 
S, that AD may be equal to the Semidiameter of 
the Sur, which is equal to BS; and then M D will 
be equal to the Sum of the Semidiameters of both Sur 
and Moon; and therefore it will be equal to the Se- 
midiameter of the Penumbra: And the Diſtance of 
the Place from the Edge of the Penumbra is S D: 

And becauſe BS is equal to A D, A B will be equal 
| | | to 


; 
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Lecture to 8 D. Take A N equal to the Semidiameter of ths 
XIII. Sw, and then MN will be equal to the Difference of 
8 the Semidiameters of the Sun and Moon, which is 
equal to the Semidiameter of the total Shadow. But 
we thewed, pag. 136, that S D was to DN, as AB 
the Part of the S's: Diameter obſcured was to the 
Sun's Diameter, But A B is equal toSD, and DN 
is equal to D A and A N, which are equal to two 
Semidiameters of the Sun, or to one Diameter of the 
Sun. Therefore AB is to the Diameter of the Sun, 
as S D, the Diſtance of the Place from the Edge of 
the Penumbra, is to D N, which is the Semidiameter 
of the Penumbra diminiſhed by the Semidiameter of 
the total Shadow. And therefore it is plain, that A B 
muſt repreſent the Portion of the Sus's Diameter, 
which is then ſeen to be obſcured. 
HEN RE alſo is determined the Poſition of the 
Cuſpides, Points or Horns of the Eclipſe : For by 
drawing the vertical Circle T S G, the Arches G E, 
G F, ſhew the Diſtance of the Points from the ſu- 
preme or higheſt Point of the Sun's Limb. 
The Veloci- T] x the Velocity wherewith the Shadow goes over 
ty of the the Diſk, be inquire K for, it muſt be obſerved, that 
N the Way of the Moon from the Sun is projected on 
the Die. the Diſt. in a Line parallel and equal to itſelf ; 
which Line is deſcribed by the Motion of the Sha- 
dow : And therefore the Velocity of the Center of 
the Shade is equal to the Motion of the Mon from 
„ the Su. Now the Motion of the Aeon from the 
Sum is about 30! Minutes in an Hour; though it is 
ſometimes more, and ſometimes leſs. And therefore 
the Space, which the Center ef the Shade moves thro? 
in an Hour, is about 3034 Minutes of the Lunar 
Orbit. Now the” Semidiameter. of the Lunar Orbit 
is about 60 Semidiameters of the Earth; and there- 
fore one Minute of the Otbit of the Moon is as much 
as 60 on a great Circle of the Earth, or as much as 
one Degree, that is, 69 Engl; Miles. And there- 
fore 304+ Minutes are equivolent to 2104 Engh/þ 
Miles; which Space the Shade moves through on Key 
Co | 1 
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Diſk in one Hour. But though this be the Velocity Lecture 


of the Shadow on the Diſk, yet the Velocity where- XIV. 
by the Shade recedes from any given Place on the LAw 
Earth's Surface, is leſs than it; by reaſon that while 

the Shadow moves from the Eaſt to the YH, all 

the Places of the Earth are likewiſe carried by the 


Rotation of the Earth the ſame Way: And therefore, 


following the Motion of the Shadow with a ſlower 


Pace, they diminiſh the Velocity whereby the Shade 


moves from them. 


DOG 
LECTURE XIV. T 


A new Method of computing Eclipſes of the 
Sun, as they are to be chſerved from any 
given Place on the Earth's Surface. 
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0 ITHERT O we have explained 
Sa : all the %, and Appearances of a 
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Wh N general Eclipſe, ſuch as a Spe&Zator at 
: 4. 571 


the Min would obſerve; and weT}; Begin- 
have ſhewed the Methods whereby ning of ax 
' @T 2&7 : the Beginning, Middle, and End of «niwer/al 

ian univerſal Eclipſe may be deter- Eclip/e can 
mined. But this Beginning and End can be obſerved be «&/erv- 
by only a few, wholie near the Edge of the Diſk, * O, very 
where the Shadow enters. In other Places lying to- w. 


clipſes ſeen, till ſome Time after, when the Margin or 
Edge of the Penumtra comes to touch them. And the 5 
End will be when the oppoſite Part of the Penumbra FA, 0. 
leaves them. And therefore, according to the diffe- Jay Places 
rent Situation of Places, the Quantity of the viſible are 
Eclipſes will be different, as likewiſe their Beginning, differen. 
End, and Duration. 

THEREFORE to compute the particular Phaſes 
of an Eclipſe, as it is to be obſerved from a certain 

Place, 


And the 
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Lecture Place, we muſt here explain a new Method, whereby, 
XIV. without the troubleſome and tedious Calculations of 
Parallaxes, which all the A/ironomers have made uſe of 
R before, the particular Phaſes may be ſhewn. 
Ma L x T therefore the Semicircle A E B be half the 
Method to Diſk of the Earth, in whoſe Circumference is the 
compute the Point E, which anſwers to the Pole of the Ecliptick. 
Phaſes Vr And let: the Pole of the Earth, or the Æquator, be 
a particu: pr ected into P. Becauſe all the Places of the Earth, 
lar Place. being carried by the diurnal Rotation, deſcribe Cir- 
Plate XI. cles, which are the Equator or its Parallels, and all 
Fig. 1. the Parallels, except in the Afquinoxes, are inclined 
All Paral-to the Plane of the Diſk, the Parallel which any 
lels pro- Place deſcribes will be projected into an Ellipſe, 
jected into which will be the Way or Path in which that Place 
an Elligfe. will be ſeen to move by a Speclator at the Moon. Let 
therefore F XII D be the Ellipſe in which the Pa- 
rallel of any Place is projected on the Diſk: And let 
the Points in which the Horary Circles cut the Pa- 
rallels, be likewiſe projected: And let theſe Points be 
VI, VII, VIII, IX. X, XI, XII, I, II, III, IV, V, VI, 
So at Six in the Morning the Place on the Earth's 
Surface will be ſeen om the Diſk at VI; at the ſeventh 
Hour it will be at V1I, at Eight of the Clock it will 
at VIII, and at Nine it will be in the Point IX, and 
ſo on. 

LET C T be a Portion of the Path of the Sha- 
dow received on the Plane of the Diſk: And ſup- 
poſe the Center of the Shade at Two of the Clock 

to be in the Point 2; at Three of the Clock let 

the Place of the Shadow be 3; and at Four let it be 

in the Point 4, Sc. At Two of the Clock the 

Seat of the Speclater on the Diſk is II; and there- 

fore his Diſtance from the Center of the Shadow is 

Fabian of 2 II: But if we meaſure this Diſtance according to 
Place re- the Path of the Shadow, we muſt let fall from the 
duced te the Place a Perpendicular to the Path, which let be 
Paths/ II L, and the Diſtance thus eſtimated will be 2 L, 
the Sba- and the Point L will be the Poſition of the Place 
4 reduced to the Path of the Shadow. At Three of 
| | the 
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the Clock the Shade is at 3, and the Place at III, and Lecture 
their Diſtance is 3 III. which is leſs than the former XIV. 
Diſtance at Two. At the fourth Hour the Shadow CL” 


is in 4, and the Place in IV. All which Time the 
Shadow advances nearer to the Place, till at laſt the 
Edge of the Penumbra touches it, and then the Eclipſe 
will begin at that Place. At the fifth Hour, when 
the Center of the Shadow is at 5, and the Placs is in V, 
it will be there more within the Penumbra than it was 
before, and the Shadow will be near the Place : But 
at Six, the Shadow being at 6, and the Place at VI, 
the Shadow will have got to the Eat of the Place, 
which is then in the Point of the Diſk at VI; and 
therefore the Center of the Shadow has paſſed by the 
Place, and the Time of the ſhorteſt Diſtance between 
the Center of the Shadow and the Place, will be be- 
tween the Hours of 5 and 6. After this Time the 
Diſtance of the Shadow and Place will conſtantly 
grow greater, and at laſt the Weſtern Edge of the 
Penumbra will leave the Place, and there will be an 
End of the Eclipſe upon that Place. But by the 
following Method the Beginning, Middle, End and 
Duration of the Eclipſe will bg more accurately de- 
termined. Upon which Account we muſt pre- 
mile the two following Problems: 


PROBLEM I. 


To find upon the Diſk of the Earth the Poſition of e Place 
for any given Point of Time. | 


Lz T the Semicircle AE B repreſent half the Diſk, 
AB a Portion of the Ecliptick projected on the Disk. 
its Axis projected 8 E, meeting with the Periphery of 
the Disk in E, which will be the Pole of the Eclip- 


tick on the Earth's Surface. Let SP be the Line plate XI. 
on which the Axis of the Earth is projected, and P Fig. 2. 


the Projection of the Pole. As the Radius is to the 
Sine of the Latitude of the Place, fo let SPbe to 
S H, and the Point H will be the Projection 8 the 
\ | enter 
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to the Semidiameter of the Parallel, or to the Sine 


| of the Diſtance of the Place from the Pole, which 


— ——_ 


Plate XI. 
Fig. 3. 


„ 


o 


muſt-be perpendicular to PS; this will be half the 
greateſt Axe of the Ellipſe into which the Parallel is 

rojected. As the Radius is to the Sine of the Pole's 
2 above the Plane of the Disk, ſo let G H 


be to HL, and HL will be the leſſer half Axis of 


the Ellipſe. In GH take H Q, which has the ſame 


Proportion to G H, that the Sine of the Angle, which 
the Horary Cirele and the Meridian make together, 


has to the Radius; and draw QR perpendicular 


to G H: Alſo make the Proportion, as the Radius 


to the Coſine of the Angle which the Horary Circle 


and the Meridian make together, ſo. the leſſer Semi- 
ane HL to a fourth, to be laid on the Line QR 


from Q to R; and then the Point R will be the Po- 
ſition of the Place on the Disk required at the Mo- 
ment of the Time given. 621% 


Tus ſame may be done by the Help of the Horary 


Circle. 


Lr AO be half the Disk, P the Pole, 8 P 


the Lyiverſal Meridian meeting with the Disk in 


G; and let FP O be the Horary Circle for the Mo- 
ment of Time given. In the right-angled Triangle 


P G O, we have PG the Elevation of the Pole above 
the Disk, and the Angle G PO, which the Horary 
Circle makes with the Meridian; whence we ſhall 


find out the Angle GOP, the Inclination of the 


Horary Circle to the Plane of the Disk, and the 
Arches PO and GO; and therefore we have the 
Point O, where the Horary Circle cuts the Disk. 


Draw 8 O, which will be the common Section of 
the Horary Circle with the Plane of the Disk. Let 
P F be the Complement of the Latitude of the Place. 
And S O being the Radius, take S Q. equal to the 
Sine of an Arch, whoſe Complement is the Sum of 


two Arches that are known, viz. FP and PO: 


and let D be the Coſine of the fame Arch whoſe 


Sine is 8 Q. At Qupon Q Serect the Perpendicular, 
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QR, ſo, that D may have the ſame Proportion to Lecture 
CR, that the Radius has to the Coſine of the Incli- XIV. 
nation of the Horary Circle to the Plane of the ; 
Disk; and R will be the Point which was deſired, © - 
and ſhews the Poſition of the Place on the Disk for 
the Time given. | 
TAE fame Thing may be likewiſe found out this 
Way : Calculate, (by the Problems demonſtrated in 
the Spherical Doctrine, and in the Problems to be 
found where the Uſe of the Globes is taught) for 
the Moment of Time given, the Sun's Altitude, 
and the Angle between the Vertical and Hour- 
Circle at his Center, and make the Angle RS P 
equal thereto; and take S R equal to the Sue of Plate XI. 
the Complement of the Altitude, or the Sine of his Fig 2 
Diſtance from the Vertex, SE being the Radius, 
and then R will be the Point required. By the 
ſame Methods, for all other different Moments of 
Time, we can find out other Poſitions of the Place 
on the Disk. The Demonſtrations of all theſe Prac- 
tices are eafily deduced from the Laws of Orthographi- 


cal Projeftion. 

PROBLEM 1. 

To find in an Eclipſe the Poſition of the Center of the Shadow 
on the Diſk, for any given Time. © 


LET AEB, as before, repreſent the Semi-diſt, Plate XI. 
SE the Axis of the Ecliptick, C T the Path of the Fig. 4. 
Shadow, while it paſſes over the Diſk; and let it | 
cut the Axis of the Ecliptick in N. Now when the 
Center of the Shadow is'in N, then is the true Con- 
junction of the Sun and Maon, whoſe Time is known 

by Aſtronomical Tables. We have likewiſe by the 

ſame Tables the Horary Motion of the Man from 

the Sun. Say, As the Horizontal Parallax of, the 

Aoon is to the Horary Motion of the Moon from the 

Sun, ſo is the Semidiameter of the Diſk to a fourth 

Line M: This will be the Space which the Shadow 

moyes through upon. the Disk in an Hour. "Then 


ſay, 


* 
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junction and the Time for which the Poſition of 


— the Shadow is ſought ; ſo is the Line M to a foutth; 


Plate XI. 
Fig. 4. 


this Line will ſhew the Diſtance of the Shadow in 
its proper Path, from the Point of Conjunction N, 


and conſequently the Place of the Shadow for the 


Time given. Suppoſe the Hour which immediately 
precedes the Time of Conjunction, to be any Hour 
you pleaſe ; for Example, Let it be the Fourth Hour ; 
lay, As one Hour is to the Time between the 
Fourth Hour and the Time of the Conjunction, fo 
let the Line M be to another, which is N 4 ; and 
the Point 4 will be the Poſition of the Shadow at 
Four of the Clock. Take likewiſe 4 3, 32, 4 5, 
5 6, equal to M ; and the Points 2, 3, 4, 5, 6, will 
ew the Place of the Shadow at the Hours 2, 3, 4, 
and 6. 
: Tags Things being premiſed, let AE B be half 
the Disk, as before, C T the Path of the Shadow 
upon the Plane of the Disk, which the Axis of the 
Ecliptick cuts in N; and when the Shadow comes 
to N, then is the Time of the true Conjunction. 
Let, for Example, the 2d be the Hour which im- 
mediately precedes Time of the true Conjunc- 
tion, and then mark in the Path of the Shadow its 


The Caleu- Places at the Hours 1, 2, 3. 4, 53 and likewiſe at the 


lation of 


ſame Time mark the Situation of the Place on the 


the Begin- Disk at the ſame Hours 3 let them be J, II. III, IV, 


ning .of the V. At One of the Clock the Diſtance of the Place 
Ecipht? 


and Shadow is 1 I ; this, by applying to a Scale of 
equal Parts, is to be meaſured, and taken in Num- 
ders; and from thence deduQ the Semidiatneter of 
the Penumbra meaſured by the ſame Scale, and we 
have the Diſtance of the Place from the Edge of 
Penumbra. | A i 

Ar Two of the Clock, after the ſame Manner, 
take the Diſtance of the Edge of the Penumbra 
from the Place which is then in II; che Difference 
of theſe Diſtances, ſince the Edge of the Penumbre 
is in both Caſes more Y/torly than the Place, is 


the 


—@ v 0 


mQO mm. 


wiv vw H SS 


LECTURE Ss. 145 
the Appropinquation or relative Motion of the Place Lecture 
to the Shadow in one Hour. Say then, as the Appro- XIV. 
pinquation of the Margin of the Penumbra to the Place 
in one Hour is to the Diſtance of the ſaid Margin from 
the Place at Two of the Clock, ſo one Hour is to 
the Diſtance of Time from Two till the Beginning 


of the Eclipſe; which Time, added to the ſecond 


Hour, ſhews the Time when the Eclipſe begins. 

FRO M the Poſition of the Place at I, to che Path The Calcu- 
of the Shadow, let fall the Perpendicular IIa: And lation of 
becauſe the Center of the Shadow is at 2, the Di- e Time of 
ſtance of it from the Place reduced to the Path, is 
2a. Allo at the third Hour the Poſition of the Place Obfcur 2 
being III, let fall from thence a Perpendicular III b“. 
on the Path; the Diſtance of the Shadow from the 
Place reduced is 35; the Difference of theſe two 
Diſtances is the Acceſs of he Shadow to the Place 
reduced, in the Time of one Hour. Meaſure this 
Difference with a Scale, and by the Rule of Pro- 
portion ſay, As the Acceſs of the Shadow to the 
Place reduced in one Hour, is to the Diſtance of 
the Shadow and Place reduced at Three of the Clock, 
ſo is one Hour, or 60 Minutes, to a fourth Time ; 
which Time added to the thyxd Hour, gives the 
Time of the Middle of the Eclipſe, or of the greateſt 
Obſcuration. | | 

Ar Four of the Clock the Center of the Shadow The Calcu- 
is in 4, and the Place in IV; and becauſe 4 IV is/ationof the 
leſs than the Semidiameter of the Penumbra, ſubtract End of the 
it from the Semidiameter, and there will remain the Zclihſe. 
Diſtance of the Place from the Edge of the Penum- 
bra. Again, at Five of the Clock the Shadow is 
in 5, and the Place in V; and their Diſtance is 5 V, 
Vhich is greater than the Semidiameter of the Penum- 
bra; and therefore the Meſtern Edge of the Penumbra 
is now more advanced towards the Eat than the 

Place. is; and therefore before that Time the Penum- 

bra has quitted the Place, and the Eclipſe is at an 

End. From the Diſtance 5 V, ſubduct the Semi- 
diameter of the Penumbra, and there will be left the 

Diſtance between the Place and the Veſtern Side of 

L the 
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the Penumbra : And becauſe, in the former Caſe, at 
Four of the Clock, the Edge was H/etward of the 
Place, and it has now got to the Eaf? of it, the rela- 
tive Motion of the Penumbra and Place muſt be eſti- 
mated by the Sum of theſe two Lines or Diſtances. 
Say then, As the Sum of theſe two Diſtances is to 
the Diſtance of the Edge of the Penumbra from the 
Place at the fourth Hour, ſo is one Hour to a fourth 
Time; which Time, added to Four, gives the Time 
when the Penumbra leaves the Place, or it will ſhew 
the End of the Eclipſe. 

THE Motion of the Shadow in its Path is equable, 
at leaſt all the Time of an Eclipſe it may be eſteemed 
equable. But the Motion of a Place upon the Diſk 
is no ways equable, but towards the Edge of the 
Diſk it is flower ; when it comes towards the Middle 
it goes through larger Spaces in equal Time. More- 


over, our Calculus ſuppoſes, that the relative Motion 


Correction 
of an Er- 
ror which 


may ariſe. 


C 


of the Mon and Shadow are equable,; and the Middle 
of the Eclipſe, or greateſt Obſcuration, to be where 
the Line which joins the Place, and the Center of 
the Penumbra, is perpendicular to the Path of the 
Shadow ; neither of which is preciſely true, and there- 
fore there will ariſt ſome ſmall Error; but it may 
be corrected in this Manner: At the Time of the 
Beginning of the Eclipſe, find out the Place of the 
Shadow, and likewiſe, for the ſame Time, the Si- 
tuation of the Place upon the Diſk. At the Center 
of the Shadow, with a Diſtance equal to the Semi- 
diameter of the Penumbra, deſcribe a Circle : It this 
Circle paſſes through the Point the Place is in, then 
is the Beginning of the Eclipſe rightly determined; 
but if this Circle does not paſs through the Place, 
note the Diſtance of the Place and the Periphery, 
and take the relative Motion of the Place and Mar- 
gin of the Penumbra tor half an Hour; and work 
again by the Rule of Proportion, as before, and we 
ſhall then have the tiue Time of the Beginning of 
the Eclipſe. And by the ſame Method we may cor- 
rect the Eiror that may ariſe in computing the End 
of the Eclipſe. And by this means we may have the 

Beginning 
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Beginning and End of Eclipſes as accurately as by Lecture 
the common Method, which is by a troubleſome XIV. 
Calculation of the Parallaxes; where they likewiſe 
ſuppoſe; that the viſible Motion of the Mn is 
equable for a certain Time; which, nevertheleſs, 

is as unequable as the Motion of a Place upon the 

Diſk is. 

Ir about the Time of the Middle of the Eclipſe, The Quan- 
at the Center of the Shadow, a Circle be deſcribed, 4% / the 
whoſe Radius is equal to the. Semidiameter of the gr 
Moon; and if likewiſe we deſcribe another Circle, 2#/cura- 
whoſe Center is the Place of the Speator, and whoſe“ . 
Radius is the Semidiameter of the Sun; the Inter- 
ſections of theſe two Circles will ſnew the Phaſes at 
the greateſt Obſcuration. 

Ir there be ſome who are not pleaſed with this The Com- 
mechanical Way of meaſuring Lines and Diſtances puration by 


by a Scale, they may compute all the Lines by Tri- Trigono- 


gonometry in the following Manner: As before, let metry. 
AEB be the Diſk of the Earib, P the Projection 

of the Pole, CNT the Way of the Shadow, the Plate XI. 
Point 2 its Poſition at Two of the Clock; and, for Fig. 5. 
the ſame Time, let II be the Situation of the Place 

of the Spectator, Let SE be The Axis of the Eclip- 

tick, which cuts the Path of the ShadowinN; 

SN will be the Latitude of the Moon at the Time 

of the Conuniiomn. From the Center of the Shadow 

and the Place draw the Line 28, IIS, to the Center 

of the Diſk, and join 2 II: Then in the right-lined 
Triangle 2 NS we have NS the Latitude of the * » 
Moon, and 2N its Diſtance from Conjun#im at 
Two of the Clock. We have likewiſe the Angle 
2NS, which is the Inclination of the Path to the 
Circle of Latitude: Wherefore we can find out 2 8, 

and the Angle 2SN. Again, in the ſpherical Tri- 
angle PSII, we have the Side PS the Complement 

of the Sun's Declination, and PII the Complement 

of the Latitude, together with the Angle 8 PII, 
which is known by the Time; by which we can 

find the Arch SIT, which is the Diſtance of the Sun 

from the Vertex; and the Sine of this Arch is juſt 

> > equal 
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Lecture equal to the Diſtance 8II, SE being made the Ra- 


dius : We may alſo find the Angle PS II; to which 
if we add, or take away the known Angle PSE, 
we ſhall have the Angle NSII. But the Angle 
28 N was found out before; wherefore we have the 
whole Angle 28 II. Laſtly, in the right-lined Tri- 
angle 2 SIi, we have the two Sides 28 and IIS, 
and the Angle contained between the two Sides; 
and therefore by plain Trigonometiy we may find 
the Side 2 II, which was to be found out. Proceed- 
ing by this Method, thete is no need for inquiring 
into the Poſitions of Place and Shadow on the Diſk ; 
for they are to be found out by a Calculus without 
Protraction. 

Tu Longitudes of Places on the Surface of the 
Earth may be found out by Obſervations of Eclipſes 
of the Sun, as well as by thoſe of the Maon, diz. if 
we obſerve in that Place whoſe Longitude is wanted, 
the Moment of Time when the Eclipſe begins or 
ends. Let that, for Example, be at Five of the 
Clock; and at the Center V, with a Diſtance equal 
to the Semidiameter of the Penumbra, deſcribe an 
Arch of a Circle cutting the Path of the Shadow in 
d, that Point 4 will thew the Place of the Center of 
the Shadow at that Time. Meaſure the Diſtance 
N 4 with a Scale, which being given, together with 
the Motion of the Aeon from the Sun, we ſhall find 
the Time in the Place of the Obſervation, when the 
true Confundtion is celebrated. In like Manner, by 
an Oblervation in any other Place, we may find 
when the ſame Conjunction is celebrated according to 
the Time computed t:om the Meridian of that Place; 
and the Difference of thoſe Times being turned into 
Degrees and Minutes of the Æquator, will ſhew 
the Difference of | Longitude between thoſe two 
Places. | | 

In Practice it is convenient to make the Semi- 
diameter of the Diſk ten Inches, that it may be 
divided by a Scale into 1000 Parts, which is'done 
by the Help of a Diagonal Scale; for this Number 
is the Tabular Radius: And let SN the — 
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of the Aan, and all the Lines whoſe Dimenſions Lectu 
are neceſſary to be known, be expreſſed by the ſame x1V 


Parts. For if we ſay, As the Horizontal Parallax. *© 
of the Moon, which is expreſſed in XMironomicd | 
Tables in Minutes and Seconds, is to the Maon's 
Latitude, ſo is 1000 to a fourth Number; and then 
we take the Line SN out of the Scale, whoſe Di- 
menſion is expreſſed by this fourth; this Line will 
. repreſent the Latitude of the Mean. And in lik 
manner we are to operate to find out the Leng 
of the Way the Shadow advances in an Hour in 
its Path. And now we have ſhewed a new Way, 
by which the Times and Pha/es of an Eclipſe are 
to be defined, as they are to be ſeen from a par- 
ticular Place, which does not require a frequent or 
repeated Calculation of the Parallax, to have the 
viſible Place of the Moon in the Heavens, both as to 
Longitude or Latitude ; which Method is received by 
moſt Aſtronomers. But our Method is much eaſfier, 
and, as I think, no leſs accurate : For in the com- 
mon Method the different Poſitions of the Eclip- 
tick in reſpect of the Horizon, which are always 
changing, will produce greay Inequalities in the 
Moons Motion, and will make her conſtantly alter 
her Place, both as to Longitude and Latitude: $0 
likewiſe as the don aſcends or deſcends, the Pa- 
rallaxes will always be changeable; and except we 
often compute them, it will be hard to eicape falling 
into an Error. | 

Bur becauſe the Method of computing Eclipſes 
by Parallaxes is that which is generally made uſe of 
by the Aſtronomers, it will be convenient likewiſe to 
explain that Method. And here I ſuppoſe the Reader 
to be already inſtructed in the Doctrine of the Pa- 
rallaxes, either by other Aſtronomical Books, where 
it is explained at Length, or by what we ſhall after 
this ſay upon that Subject: And that being under- 
ſtood, the Principles on which the Calculation is 
founded are eaſily apprehended, though the Practice 
af the Rules is very difficult and, tedious. 
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Bs ASTRONOMICAL 
Lecture FIRST of all, the viſible Conjunction, and the 
XIV. Way the Moon is then to take in the Heavens, are 

to be determined. For in this Caſe, the true and 
The com- Viſible Conjunttion are very different both as to their 
mon Me- Times and Places. The true Place of the Moon 
tbed of is that which is ſeen from the Center of the Earth, 
computing the viſible Place is that which is ſeen from our Ha- 
Eclip/es of bitation on its Surface. Let the Semicircle ABC 
7he Sun. repreſent an Hemiſphere of the Globe of the Earth, 

whoſe Center is T; from whence draw the Right 

Line TLS through the Men at L, and the Sun 

at 8, at a much greater Diſtance; and therefore 

ſince the Centers of the Sun and een are ſeen in 

Plate XII. the ſame Right Line from the Center of the Earth, 
Fig. 1. they will appear in the ſame Point of the Heavens, 
and they will be in true Conjunction. But a Spectator, 

on the Surface of the Earth at A, will obſerve the 

Centers of the Sur and Mn in diſtin Points of 

the Heavens, their Diſtance being the Arch SE. 

The Point where the Right Line T L, drawn 

The throuch the Centers of the Earth and Moon, meets 
Moon's With the Heavens, is called the true Place of the 
true Place. Moen. But where a Right Line paſſing through the 
Eye of the Speclator on the Surface, and the Center 

The of the Moon, meets with the Heavens, that Point 
Moon's is called the viſible or apparent Place of the Moon. 
wVifible Let theſe Points be Sand E; the Arch SE, which 
Place. is the Diſtance between the true and apparent Place, 
The is called the Mac's Parrallax. Now becauſe the 
— Points T and L, in reſpect of the immenſe Diſtance 
SUI of the fixed Stars, coincide, the Arch SE will be 
the ſame, whether its Center be conceived to be in 
L, or in T; ard therefore the Arch SE is the 
Meaſure of the Angle SLE, or of the Angle ALT, 
which is equal to it. But the Angle ALT is the 
Angle under which the Semidiameter of the Earth 
AT, drawn through the Place of the Spe#ator, is 
ſeen from the Men And therefore the Parallax 
of the Mon is always equal to this Angle. And 
this Angle is biggeſt when the Semidiameter is di- 
rectly ſcen from the Moon; for then the Angle LAT 
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is a Right Angle, and the Moon is ſeen in the Ho- 


rizon, and therefore the Horizontal Parallax is greateſt 


of all. But if the Moon ſhould be in the Vertex F, 
the Angle ALT would there vaniſh; and the Moon's 
true Place would coincide with its apparent Place, 
whence there would be no Parallax. 

SINCE the Parallax of any celeſtial Body is al- 
ways equal to the Angle under which the Semi- 
diameter of the Earth, paſſing through the Place of 
the Speator, is ſeen from that Body, there will be 


"IFC 
Lecture 
XIV. 
— 


no ſenſible Parallax of the Sun. For, as I have h Sun 
frequently ſaid, the Earth ſeen from the Sun appears has no 
no bigger than a Point, and under no ſenſible An- Parallax. 


gle : But the Moon, when it is in the Horizon, has 


a ſenſible Parallax, and ſometimes it is greater than 


a Degree. 

HENCE it follows, that the Parallax always ſhews 
the Aeon more depreſſed, or at a greater Diſtance 
from our Vertex, than it really is: This Depreſſion 
will change its Place according to the Ecliptick, and 
make the Moon appear to have a Longitude and La- 
titude different from what it has, when ſeen from 


the Center of the Earth. Foy in the Figure, let Plate XII. 
the Circle HC Z be the Meridian, or the Circle Fig. 2. 


paſſing through the Vertex of the Spectator and the 
Pole; let Z be the Vertex, HE D the Horizon of 
the Place, CE the Ecliptick; in which let the 
Moon according to its true Place be in L, without 
any Latitude; let Z I be Vertical Circle paſſing 
through the Moon; and becauſe the Parallax always 
depreſſes the Moon in the Vertical, the apparent Place 


of the Men will be further diſtant from the Yertex 


Z, than the true Place is. Let the apparent Place 
be O, and fince the true Place is L, the. Parallax 


will be LO; which being in the Vertical, or Cir- 
cle of Altitude, is called the Parallax of Altitude. 


Through O let there a Circle paſs, which is perpen- 
dicular to the Ecliptick, meeting with, the Ecliptick 
in m That Point will be the apparent Place reduced 


to the Ecliptick, and the Arch LM is called the 


Parallax of Longitude ; _ O n, the viſible „ 
4 0 
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Lectute of the Moon from the Ecliptick, is called the Moons 
XIV. Parallax of Latituile. For determining the Ph of 
relies, as they ate to be ſeen from a given Place, it 
is neteflary to know at that Time the true Places of the 
Moon and Sun, which may be compured by Aſtro- 
nomical Tables from any given Moment of Time. 
Moreover, we muſt know the apparent Place of 

the Mom, which is to be determined from a true 

Place, by a Computation of the Moors Parallas; 

which being premiſed, the Times and Phaſes are thus 

found out. | 

LIT »I be a Portion of the Ecliptick; S the 

Place of the Sun therein, at the Time of the true 
Conjunttion, and I the apparent Place of the von 

reduced to the Ecliptick; J the viſible Latitude 

Plate XII. of the Moon, and 15S will be its viſible Longitude 
Fig. 3- from the Sun. At a ſmall Portion of Time be- 
fore the true Conjunction, find out again the viſible 

Place of the Mon in the Ecliptick ; which let it 

A Calcula- be at p, and let pg be the Moors viſible Latitude: 


tion of the Draw qo, which produce, and let it meet with 


diele the Ecliptick in #; and 94 will be the viſible Way 
Echpye. of the Hen from the dun at the Time of the Con- 
junction. In the Triangle gon, right-angled at 7, 

we have on the Difference of Longitude of the 

Moon from the Sun in p and i, and gn the Difference 

of Latitude; whereby we can find the Angle 9 , 

or p, which is equal to it, and which is the In- 
clination of the viſible Way of the Moon to the 

« Ecliptick. From thence alſo we can find the Side 
go, and by them we can find the Lines ot, K, 

Sk and Sz. For pl is to go, as ls is to of: 

And in the Triangle 0/14, by having „ and the 

Angle k, we can find „ and 1, and thereby 84 

and 87. Now, when the Center of the Moon is 

ſeen at 7, then is the viſible Conjun#ion of the Sun 

and Aeon. And therefore we lay, As 9 is to et, 

or as p is to 18, ſo is the Time that the Moon 

moves through the Space go, to the Time it moves 

through e:; and then we ſhall have the Time be- 

tween the true and viſible Conjun#tion. From 8 


upon 
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upon the Way of the Moon let fall a Pe icular Lecture 
Sm, and in the right-angled Triangle 8 tm, we XIV. 
have S and the Angle 4; therefore we can find 


out S8 n, which is the leaſt viſible Diſtance, or the 
neareſt Approach of both Sun and Aeon. If this 
Diſtance be greater than the Sam of the Semidiame- 
ters of the Sun and Aeon, there will be no Eclipſe 
viſible in that Place; but if it be leſs, the Difference 
reduced into Digits will ſhew the Quantity of the E- 
clipſe. Having the Side 8 n, and the Angle 8 mn, 
which is equal to the Angle , we can find out the 
Line t m, and thence the Time the Moon, in her vi- 
fible Way, takes to deſcribe the Line rn, which is 
the Time between the viſible Conjundtion, and the 
Moment of greateſt Obſcuration. 


TE Beginning of the Eclipſe is thus determined: Plate XII, 
Let p be, a Portion of the Ecliptick, as before Fig. 4+ 
S the Center of the Sun ; let q be the viſible Way A Calca- 
of the Moon S m its ſhorteſt Diſtance from the Sun. Jin of 
Draw from the Sun to the Way of the Moon, the the Begin- 
Right Dine 39, equal to the Semidiameters of both zing and 
Sun and Moon : And then, when the Center of the End of 
Mon comes to 9, the Eclipſe wil} begin to be viſible, c Elip/e, 


and the two Margins of the Sus and Moon will feem 
to touch one another. In the rectangled Triangle 
S m, we have the Side 8 g, equal to the Sum of the 
midiameters of the Sun and Moon, and 8 m the 
neareſt Approach of their Centers ; from whence we 
can find out the Angle 4 Sm, the Angle of Inci- 
dence, and alſo the Side gm ; and thereby we have 
the Time wherein the Moon deſcribes the Line 4 m, 
and from thence the Jime between the Begin- 
ning of the Eclipſe and the Time of the greateſt Ob- 
fcuration, | 
AFTER the ſame Method we may find the Time 
of the viſible End of the Eclipſe. But here we 
muſt begin again, and compute anew, by the Para. 
taxes, tb iſle Way of the Moon from the Sun, 
after the Gonjun#io7, which will not be the ſame it 
was before. For the Inclination of the viſible Way 
18 
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Lecture is conſtantly changing, becauſe the Quantity of the 


XIV. 


A Deter- © 


Parallax'is in perpetual Flux, as the Aon rites and 
falls in Altitude. Seek therefore, about an Hour after 
the Conjunqtion, the viſible Longitude of the Moon 
from the Sun, and its viſible Latitude, and from 
them compute the Inclination of the Moons Way 
from the Sun; which being found, by the ſame Me- 
thod we found the Time of the Beginning of the E- 
clipſe, we may likewiſe find the Time of its End. 

Ir the Phajis of an Eclipſe for any Moment of 


mination of Time be required, find for that Time the Place of 
the Phaſis the Moon in her viſible Way; and at that Center, 


for any 


and with a Diſtance equal to the Semidiameter of 


Moment of the Moon, deſcribe a Circle ; likewiſe at the Cen- 


ame. 


ter 8, with a Diſtance equal to the Semidiamater 
of the Sun, deſcribe another Circle; the Interſec- 
tions of theſe two Circles will ſhew the Phaſis of the 
Eclipſe, and the Quantity of Obſcuration, as alſo the 
Poſition of the Cuſps or — E 

BEFORE we make an End of this Doctrine of 
Eclipſes, it will be requiſite to explain one notable 
Appearance, and to ſhew the Reaſon of it. 

Ix total Eclipſey of the doom, even when ſhe 
is near the Center of the Shadow, her Body is 
frequently to be ſeen of a-pale and languid Colour, 
which could not be without her being illuminated 
with fome Light; and ſome will wonder from 
whence ariſes this Light. Some ſuſpected that it 
was the native and proper Light of the Moon her- 
ſelf. Others derived it from the Planets and Stars; 
for the Interpoſition of the Earth intercepts all 
the Light of the Suu, and ſeems to bring a thick 
Darkneſs upon the whole Space taken up by the 
conical Shadow. But we muſt confider, that the 
Earib is ſurrounded with a Sphere of-Air of a con- 
ſiderable Depth and Denſity, which has a refrac- 
tive Power, whereby it turns the Rays of the 
Sun out of their Way when they fall upon it, and 
makes them enter the conical Shadow; which 
therefore will be illuminated by that ſmall Quantity 
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of Light which falls obliquely on our Atmoſphere, Lecture 
and imparts to all the Bodies within it a faint Light, >.<. ' 


the which will illuminate the Moon, even when it is 
in the Midſt of the Shadow, and make it viſible to Plate XII. 


our Eyes, as the Figure ſhews. Fig. 5. 


LECTURE XV. 


Of the Phænomena or Appearances ari- 
ing from the Motions of the Earth, and 
the two inferior Planets Venus and 
Mercury. ede 


WITHERT O we havę contemplated the 
= Motions of the Earth and Moon, and 
have given an Account of many Ap- 
pearances that ariſe from them. The 
d wer W 17oon indeed is no primary Planet, but 
a ſecondary, which does no other Ways go round 
the Sun, the true Center of our Syſtem, than by ac- 
companying our Earth, to whom the properly be- 

longs, in her annual Courſe round the Sun. 

Bu r the chief and primary Planets of our Syſtem, . fox 
which perform their Circulations round the Sum, ,,; 
without regarding any other Body, are in Number Planets, 
fix, viz. Mercury , Venus, $ the Earth , Mars 
$, ' Fupiter u, and Saturn h, whoſe Motions and 
Appearances are now to be explained. And, %%, 
we have already demonſtrated, that the Orbits of 
Lens Mercury include the Sun, and that they 
are included within the Orbit of the Earth; — 
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fince they finiſh their Calculations in leſs Time than 
the Earth does, it is manifeſt that theſe Planets, ſeen 
from the Sur, will appear -in the Heavens ſometimes 
nearer, and ſometimes further from the Earth; and 
that ſometimes they may from thence appear in the 
ſame Point, and ſometimes in oppoſite Points of the 
Heavens, with the Earth. And becauſe Venus and 
Mercury are carried faſter about than the Earth, a 


Spettator in the Sun, after ſecing either of them in 


Conjunction with the Earth, will fee it recede from 
the Earth, which follows with a flower Motion, 
and get by Degrees a good Way to the EH of the 
Sun. * | 

As theſe Planets, ſeen from the Sun, change their 
Poſitions in reſpe&t to the Earth, fo likewiſe we, 
ſeeing them from the Earth, oblerve that they change 
their Poſitions in reſpect to the Sun, and are ſome- 
times nearer, ſometimes further removed from him ; 
and ſometimes they appear in Conjunctian with the 


Two Caſe; Sun. But the Conjunttions of theſe Planets ſeen from 


of Con- 
junctions. 


Plate 
XIII. 
Fig. 1. 


the Earth, do not only happen when the Earib and 
they are ſeen together in Conjunction from the Sun, 
but alſo when a Shedtater in the Sun ſees the Earth 
and them in Oppoſition: Even then the Sun and 
they, ſeen from the Earth, appear to be in Conjunc- 
tion. For let S be the /n, A B C the Orbit of the 
Earth, FHB the Orbit of Venus; and let the Earth 
be in T, and Venus in V, in the Line which joins 
the Centers of the Earth and Sun In this Poſition 
Fenus, ſeen out of the Sun, is in Conjunction with the 
Earth, as the Sun from the Earth is ſeen conjoined 
with. Venus. . | 

Bur if the Earth were in T, and Venus in F, a 
Spefiator in the Sun will ſee Venus and the Earth in 
Oppoſition, or in oppoſite Points of the Heavens. 
But a Spectator in the Earth will fee Venus not in 
Oppotition to the Sun, but in Canjundtion with him. 
In the firſt Caſe of theſe Conjundlions, Venus is be- 
tween the Sun and the Earth; in the othe# the Sun 
is ſituated between the Earth and Venus; and Venus 
5 | goes 
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above the Sun: The firſt is called the inferior Lecture 


Zonjuntion, the ſecond the ſuperior. | XV. 
Arrkx either of theſe two Sorts of ConjuntFions, x 
enus Will ſeem daily to remove further from the 
eighbourhood of the S, and will daily ſeem to go 
urther off from him; but ſtill ſne keeps within cer- 
ain Bounds, for ſhe never comes to be oppoſite to 

e Sun; nor does ſhe even arrive at a Quadrantile 
Aſpet, which is go Degrees; or a Sextile: Aſpect, 
which is 66 Degrees diſtant from the Sun. And Ve- 
us is ſeen at her greateſt Diſtance from the Sun, 
when the Line which joins her Center with the 
Earth, touches the Orb of Venus, as about D. For 
when this Planet is farther advanced to H, its Place 
in the Heavens is ſeen to be nearer to the dun, than 
it was before at D. Now before ſhe came to D, 

ſhe always receded more and more from the Sun: 
And after ſhe has left D, ſhe every Day comes nearer 


lil. 


to the Syn It is neceſſary, that between the Times 
of her Receſs and Approach, ſhe become ſtationary The Elr- 
in reſpe& to the Sun, and for ſome Time appear to gation of a 
keep the ſame Diſtance from him; at which Time Planet 
the viſible Motion of Venus will equal to that of the 
the Sun. The Arch of a great Cirele, intercepted be- Sun. 
tween Venus and the Sus, is called the Elongation of that 
Planet from the Sun, | The Ebbe 

Bur here it is to be obſerved, that only in a Cir- _ 15 
cle, which has the Sun for its Center, the greareſt*,, always 
Elongation happens, when the Right Line which yrcareft, 
joins the Earth and Planet touches. For in an EL-awher it 1 
liptick Orbit it may be, that the Elongation from in a Line 
the Sun may grow ſtill greater, even after it has left touching 
the Place where the Line joining the Earth and Pla- tbe Pla- 
net touches its Orbit: For after that, the true Di- net“ Or- 
ſtance of the Planet from the Sun may inereaſe,“ 
whilft the Diſtance of the Sun and Planet from the 
Earth does not increaſe, but they may rather deereaſe. 
And therefore in Two Triangles, the greater Baſe 
will ſubtend the greater Angle. But becauſe the Or- 
bits of the Plauets are nearly circular, ſuch ſmall Diffe- 
rences may be here neglected. | 
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Lecture Tn x ' greateſt Elongation of Venus is found by 


XV, 


Obſervation to be about 48 Degrees, by which in a 


Kan) Circular Orbit, we may know the Diſtance of | Venus 


Py 


from the Sun, in  reipe&t of the Earth's Diſtance 
from the ſame: For 8 I is to 8 D, as the Radius is 
to the Sine of the Angle 8 T D, which is the greateſt 
Elongation. d pt, 

HEN c E alſo it is manifeſt, that Venus, from the 
Time of her ſuperior Conjumdtion, where the is fur- 
theſt from the Earth, to the Time of her inferior 
Conjunfion with the Sun, where ſhe approaches 
neareſt it, is always ſeen more Eaſterh) than the 
Sun; and all that Time Yenus ſets later than the 
Sun, and is ſeen after Sun-ſetting ; and then ſhe is 
called the Evening-Star or Veſperus, being a Fore- 
runner of Night and Darkneſs. But from the in- 
ferior ConjuntFton, till ſhe comes again to the ſupe- 


rior , ſhe is always obſerved to be to the Veſtiuard of 


the Sun, and conſequently muſt ſet before him in 

the Evening, and riſe before him in the Morning, 

and then ſhe is only to be ſeen before Sun-riſing ; 

when ſhe is called the Morning- Star, or Phoſphorus, 

_- Appearance fyretelling that Light and Day are at 
and. 


LE T us now ſuppoſe Venus and the Earth to be 
ſeen out of the Sun in Conjunttiom, and the one to 
be at V, the other in T, in the ſame Point“ of the 
Ecliptick : In which Pofition Venus and the Sun are 
ſeen from the Earth likewiſe in Confuntiiom. After 
this, Venus circulating ' faſter than the Earib, being 
come again to V, and having finiſhed her Courſe, 
and by an angular Motion round the Sun, deſcribing 
four Right Angles, will not have overtaken the 
Earth; who in the mean Time has proceeded far- 
ther in her proper Orbit. And therefore Venus muſt 
fill move farther on to come in a Right Line be- 
tween the Sun and the Earth. Let 8 LM be the 
next Right Line in which Venus is ſeen from the 
Sun together with the Earth, fo that Venus may be 
in L, when the Earth is in M: Now before Ve- 
nus can overtake the Earth, ſhe muſt not onl 
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finiſh her own Calculation, or four Right Angles, Lecture 


but alſo ſo much angular Motion more, as the Earth 


has made in the mean Time round the dun. Now uw 


the angular Motion of Venus and the Earth, performed 
in the ſame Time, are reciprocally as the periodical 


Times of Venus and the Earth, And therefore, as Th Time 
the periodical Time of the Earth is to the periodi- vec | 
call Time of Venus, fo is the angular Motion of e, Con- 


junctions 
of the ſame 
Kind. 


Venus (which is equal to four Right Angles, and 
moreover to the angular Motion the Earth makes 
from the Time of one Conjuniion to the next) to 
the angular Motion of the Earth. And therefore 
by Diviſion of Proportion, as the Difference between 
the periodical Times of the Earth and Venus is to 
the periodical, Time of Venus, ſo are four Right 
Angles to a fourth Quantity ; which ſhews the an- 


gular Motion of the Earth, from the Time of her 


 Conjun#tion with Venus, to the Time of the next 


Conjunt7ion of the fame Kind. Now the | periodical 
Time of the Earth is 365 Days and 6 Hours, or 
8766 Hours. And the Period of Venus conſiſts of 
224 Days 16 Hours, or 5392 Hours, whoſe Dif- 
ference is 3374 Hours. Say then, As 3374 is to 
5392, ſo are four Right Angleg* or 360 Degrees, 
to a fourth Number of Degrees, which is 575; 
which Motion is equal to a Circulation and a half, 
and befides 35 Degrees; which angular Motion 
the Earth makes in the Space of one Year and 218 
Days. And therefore, if Venus ſhould be this Day 
in Conjunttion withthe Sun, in the inferior Part of 
her Orbit, ſhe will not come to the ſame Conjunction 
again till after a Year and ſeven Months and twelve 
Days. And if one Conjunction be in the Beginning 


of Aries, the next will fall out when the Sun is in 


Scorpio. There is the ſame Diſtance of Time be- 
tween any two other ſimilar Poſitions of Venus and 
the Sun. For Example, between two ſuperior Con- 
junctions, or between two ſuch Situations of Venus, 
where ſhe has a given Elongation from the Sun the 
fame Way. | 
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XV. 
Another diurnal Motion of Venus ſeen from the Sun, and like- 


* 
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about the Conjunttions of the Sun and Mon, are other- 
wiſe ſolved by the 4/ronemers ; for they find out the 


Way Co wiſe the Diurnal Angular Motion of the Earth; and 
ing t 


Same. 


Plate 
XIII 


Fig. 2. 


* 
10 - 


the Difference of theſe Motions is the relative Diur- 
nal Motion of Venus from the Earth, or the Quan- 
tity by which Venus is ſeen to recede from the Earth 
every Day, by a Speftator in the Sun. Thus the 
middle Motion of the Harb is every Day about 59 
Minutes and 8 Seconds: Venus's middle Motion in a 
Day is 1 Degree 36 Minutes and 8 Seconds, whoſe 
Difference is 37 Minutes, Say therefore, As 37 
Minutes is to 360 Degrees, or to 21600 Minutes, fo 


is one Day to that Space of Time, wherein Venus, 
_ having left the Earth, has receded from her 360 De- 


grees; that is, to the Lime in which ſhe returns to 
the Earth again, which is the Time between two Cen- 
junctions of the fame Kind, which will be found to 
conſiſt of 58 3 Days. | | 

Bor theſe Conjunctions are here computed ac- 
cording to the Middle Motions of the Planets, ſup- 
poſing them to move always equably, cr with the 
fame Angular Velocity; and they are therefore 
"called mean Conjunctions. But becauſe Venus and 
the Earth are really carried in Elliptick Orbits, in 


which their Motions are conſtantly variable, ſome- 


times going faſter, and (ſometimes flower ; it may 


be, that the true Conjundtians ſhall happen ſome 


— 


few Days ſooner or later than the Computation 


we have given ; yet having the Time of the 
"mean -Conjuntiion, the true Conjunction is from 
thence to be computed after this Manner: Let 


AB C be the Ecliptick, in which A is the Point 
Where the Planets are to be in Cmjunction accord- 


ing to the mean Motion. For the Time of this 
Conjunition, compute by Aſtronomical Tables the 


ttre Places of the [Earth and Venus in the Eclip- 


tick; and ſuppoſe Venus's true Place in the Eclip- 


tick to be D, and the Ezrth in T, by which we 
ſhall find the Diſtance of the Earth and * 
2 
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ſeen from the dun: But we have, for that Time, Lecture 
the angular Motions of theſe two Planets for any yy. 
given Space of Time; for Example, for fix Hours 
and the Difference of theſe two Motions will give 
the Acceſs of Venus to the Earth, or her Receſs 
from it in fix Hours. Say then, As this Difference 
of Motions is to D T, fo is fix Hours to the Time 

ween the mein Comuniion and the true; which | 
Time, added to, or ſubtracted from, the Time of ; 
mean Conjunttion; as Venus is to the Eaſt or I 5 
of the Barth; ſhews the Time of their true Cam- : 
unttion 


Ix is plain from the Inſpection of the Figure, Venus 
that though Venus does nearly always keep the ſame conftantly 
Diſtance from the dun, yet ſhe is — changes Ser 
ing her Diſtance from the Earth; and her Diſtance Dane 
is greateſt when ſhe is ſeen in her ſuperior the 
junZim with the Sun; and it is the leaſt when Farch. 
ſhe is in her inferior Conjunctian- And the Diffe- 

rence is ſo great, that it equals the whale Di- 

ameter of FVznuss Orbit; ſo that the Diſtance of 

Venus from the Earth, when ſhe is in her ſuperior 
Conjun#tion, is to her Diſtance from the Earth in 

the inferior, as i to 6: And therefore Venus ap- 
proaches the Harth fix times nearer in the one Po- 

fition, than in the other; and juſt ſo much are the 
appatent Diameters of Venus changed, as we obſerve 

them to be. But theſe greateſt and leaſt Diſtances 

are fomewhat changeable, upon the Account of the 
Elliptical or Excentrick Orbits: For Venus is then 
moſt remote from the Earth, where the ſuperior 
Conjunftion happens when Venus and the Earth are 
both in their Aphekons. And the Diſtance of Venus 
and the Farth is the leaſt of all, when the inferior 
Conjunttion falls out when Venus is in her Apbelian 
and the Earth in her Perihelion. 

BRBOAusEH Venus is an opake Globe without any ;. Phaſes 
Light of her own, and only ſhines with the bot- ;f Venus 
rowed Light of the Sun, that Face of Venus will only He thee 
appear bright, which is turned towards the as, obs 

. M while 
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Le&fture while the Oppoſite remains in Darkneſs ; and for 


XV. 


want of Light is altogether inviſible. Wherefore, it 


4 the Situation of the Earth be ſuch, that this dark 


Side of Venus be turned towards the Earth, Venus will 
become inviſible, except by chance ſhe appear like 
a black Spot in the Diſk of the Sun; But if the 
whole illuminated Face of Venus be turned towards 
the Earth, as it is when ſhe is near her ſuperior Con- 
junction, then ſhe appears like a full ſhining Orb; and 
according to the different Poſitions of the Earth, Venus, 
and the Sun, Venus will have different Forms, and 
appear with different Faccs and Figures, and will un- 
dergo the ſame Change and Viciſſitudes in her Ap- 
pearances that the Moon does. | 


plate x III. LET ABCDEFGH be the Orbit of Venus, 


Fig. 3. 


55 


dark Side totally turned towards the Earth; and 


TL a Portion of the Orbit of the Earth, in which 
the Earth is at T, and let Venus be in A in her ſu- 
perior Conjunction with the Sun; it is manifeſt in 
-this Situation of theſe two Planets, that the Face 
of Venus, which is illuminated by the Sun, is like- 
wiſe turned towards the Earth; and then Venus 


will appear to us like a full, lucid Circle, as the 


Moon does at Full: But when ſhe has gone from 
thence to the Polition B, ſome Part of her obſcure 
-Hemiſphere will be turned towards the Earib, and 
will loſe ſomething of her Fulneéſs, and ſeem to us 
to be gibboſe. When Venus comes to the Poſition 


C, but half her illuminated Side is turned towards 


the Earth, and then ſhe is ſeen like a half Circle, 
as the Moon is when ſhe enters in her firſt or laſt 
Quarter. But Venus, when ſhe arrives at the Poſi- 
tion D, has but a ſmall Part of her illuminated 
Side turned towards the Earth: And becauſe ſhe is 
of a ſpherical Figure, which to us, becauſe of its 
-_ Diſtance, appears like a Plane ; the illuminated 

art which we ſee, will appear to end in Points or 


Horns, whoſe Direction is always oppoſite to the 
Sun. But Venus, when the is in the Poſition E, that 


is, in her inferior Conjundtion with the Sun, has her 


then 
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hen ſhe quite diſappears, unleſs ſhe happen to be in Lecture 
her Node, or near it; then ſhe will appear like a XV. 
black Spot to paſs over the Body of the Sun, which 
delightful Spectacle was never feen by mortal Eyes 
but once; and it was our Coun an Mr. Horrox, 
who alone enjoyed that Pleaſure. Venus will undergo 
the ſame Phaſes while ſhe paſſes through F, G to H; 
viz. about F ſhe is horned, in G a half Circle, in 
H gibboſe, and in A again full. 
THESE Appearances of Venus, though they are 
not to be diſcerned by the naked Eye, yet they are 
diſtinctly and plainly to be perceived with a Tele- 
ſcope. Before the Invention of this noble Inſtrument, 
when Copernicus firſt revived the antient Pythagorear 
Sy/tem, and propoſed it to the Learned in Aftronomy, 
to whom he maintained that the Planets, among 
which he reckoned the Earth, did move round the 
Sun, which was immoveable in the Center ; it was 
objected to him, that if the Motions of the Planets 
were ſuch as he ſuppoſed them to be, then Venus 
ought to undergo the ſame Changes and Pha/es as the 
Moon does. Copernicus anſwered, that perhaps the The Pro- 
Aſtronomers in After-ages would find, that Venus doesp4:<y of 
really undergo all theſe Changes. This Prophecy of Coperni- 
Copernicus was firſt fylfilled by that great Italian Phi- PhaC 
loſopher Galileus, directing his Teleſcope to fer ef 
Venus, obſerved her Appearances to emulate the Moon, 3, Gali- 
as Copernicus had foretold: And theſe Obſervations eus. 
did ſurprizingly confirm the old Syſtem revived by 
nicus. 9 
IF the Centers of the Sun at 8, Earth at T, and 
one of the inferior Planets at O, be joined with 
Lines, they will from the Triangle TSO: And if 
through the Center of the Planet there paſs two Planes 
one perpendicular to the Line T O, and the other to 
the Line SO; the one will cut off the Hemiſphere, Plate XIII. 
which is turned towards the Earth; the other, that Fig. 4. 
which is turned towards the Sun, and by him illu- 
minated. And the exterior Angle of the Triangle 
TSO, which is at the Planet, that is, the Angle 
| M 2 PO3d, 
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Le&ure POS, will be equal to the Angle O g, which 
XV. meaſures mg the Portion of the illuminated Semi- 
ny Circle that is turned towards the Earth, For the An- 
gle 8 Or is a right Angle, and ſo is the Angle m7: 
T, which are therefore equal; but the Angles r 
9p and p Og are likewiſe equal, being vertical to 
each other; and therefore, taking away Equals from 
The W4*- Equals, there will remain the Angle SO P, equal to 
tity of the Angle O; which Angle is meaſured by the 
tufration. Arch m 9. And therefore the Part of the illuſtrated 
Semicircle which is towards the Earth, and is to be 
ſeen from thence, does always meaſure the exterior 
Angle SOP of the Triangle SO T. Now this 
Arch, as ſeen from the Earth, is projected into its 
n verſed Sine upon the Diſk, as we ſhewed before 
in the Man. And hence the Illumination of Venus 
feen from the Earth, is to her full and total Illumi- 
nation, all other Things remaing the fame, as the 
erſed Sine of the exterior Angle at Venus is to the 

iameter of the Circle. 
Venus ap- ALTHOUGH Menus in A ſhines upon the Earth 
Fears nat at T with a full Face or Orb, yet ſhe does not appear 
with her there with her geateſ Brightneſs and Luſtre; for 
greate her Splendor is cminiſhed on the Account of her 
2 | greater Diſtance from the Earth; and it is lefſened 
Shiner wax z in a greater Proportion than the conſpicuous Part of 
ful Face, the illuminated Diſk is increaſed. For the Luſture of 
Veinus decreaſes in the duplicate Proportion of the 
Diſtance increaſed. But the viſible illuminated Part 
of her Face increaſes only according to the verſed 
Sine of the Angle SOP; and therefore the greateſt 
Brightneſs of Venus is not when ſhe is in A, but ra- 
ther when ſhe is about O. For ſuppoſe Venus at O 
four Times nearer the Earth, than when ſhe is in 
A; in that Caſe every determined Part of the illu- 
minated Difk will give ſixteen times more Light, than 
the ſame Part does at A: But in O it may happen, 
that only a fourth Part of the illuminated Diſk can 
be ſeen from the Earth; and therefore the Brightneſs 
of /enus is more increaſed by her Diſtance being di- 
| | | | miniſhed, 
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miniſhed, than the ſame Brightneſs is leſſened on Lecture 
Account of a ſmaller Portion of her iltuchinated Diſk XV 
being viſible from the Earth. REN 

Ir you defire to know in what Poſition Venus ap- here the 
pears with the gteateſt Luſtre, the great Geometer afid 7lufftrdtion 


Aſtronomer, Dr. Edmund Halley, my Colleague, has is greatep. 


iven us an elegant Solution of this Problem in the 

hileſophical Tranſa#tions, Numb. 349; wherein he 
has ſhewh, that Venus is brighteſt when ſhe is about 
40 Degrees removed from the San; and that then 
but only a fourth Part of her lucid Diſk is to be ſeen 
from the Earth. And in this Situation Venus has been 
many Times ſeen in the Day- time, even in full Sun- 
ſhine. This Beauty and Brightneſs of Venus is very ad- 
mirable; who having no native Light of her own, and 
only enjoying the borrowed Light of the San, ſhould 
yet break out into ſo great a Luſtre, that the like is 


not to be obſerved in Jupiter, nor even in our Moon, 


when ſhe is in the ſame Elongation from the Sun. 
*Tis true, the Moors Light is much greater, upon 
the Account of her apparent Magnitude, than that of 
Venus ; yet it is but a dull, and, as it were, dead Light, 
which has nothing in it of that Vigour and Briſkneſs 
that does always accompany the Beams of Venus. 

Ir the Plane of the Orbit of Venus coincided per- The Plane 
fectly with the Plane of the Ecliptick, Venus would 9 Venus's 
always ſeem to move in the Ec/zptic#, and no where Orbit does 
recede from it. But Yenus's Orbit does not lie in the m_ x = 
Plane of the Ecliptick, but is in a Plane which 9 4 8 
inclined to it, in an Angle of 3 Degrees and 24 Mi- * 
nutes, and cuts the Plane of the Ecliptick, in a 
Line which paſſes through the Sun's Center, that is 
called the Line of the Nodes. And the two Points, 27 Line of 
where the Orbit of the Planet produced cuts the h Nodes. 
Ecliptick, are named the Nodes. And therefore Venus 
is never ſeen, either from the Syn or the Earth, in 
the Ecliptick, but when the is in the Nodes; in all 
the other Points of her Orbit, the is ſometimes nearer 
to the Ecliptick, ſometimes further from it ; and ſeen 
from the Sur, ſhe makes her greateſt Excurſion, 
when ſhe is go Degrees diſtant from both the Nodes. 
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Lecture Ler TAB be a Circle in the Plane of the 


XV. 


” 


Ecliptick, LA V N the Orbit of Venus, cutting the 
Plane of the Ecliptick in the Line N; we muſt 


Plate III. conceive the one half of this Orbit of Venus = LN 


Fig. 5. 


to be raiſed, or to ſtand above the Plane of the Eclip- 


tick, and the other half VN to fall below that 
Plane; and when Venus is in N or , ſhe is then in 
the Ecliptick : But when ſhe arrives at P, ſhe is ſeen 
to deviate from it: but in L, the Arch N L being 
a Quadrant ſeen from the Sun, ſhe appears to recede 
the furtheſt from the Ecliptick ; And this Point Lis 
called the Limit, determining her greateſt Excurſion ; 
for from thence departing, ſhe again approaches the 
Ecliptick. If from the Place of Venus, as in P, we 
let fall on the Plane of the Ecliptick, a Perpendicu- 
lar PE, and draw SE, the Angle PSE will mea- 
ſure the Diſtance of Venus from the Ecliptick, which 


TheHelio-is called Venus's Heliocentrick Latitude, or ſuch as it 


__ centrick 
Latitude, 


The Geo- 
centrick 


Latitude. 


is ſeen from the Sun. Now this Latitude, having 
the Place of the Planet in its Orbit; is thus inveſti- 
gated : Let the Arch N E be a Portion of the Eclip- 
tick, NP a Portion of the Plane!'s Orbit pro- 
duced to the Heavens: Let P be the Place of Venus, 
N the Node; and det a Circle paſs through the Place 
of the Planet perpendicular to the Ecliptick ; the 
Arch PE of this Circle, intercepted between the 
Planet and the Ecliptick, is the Diſtance of the 


Planet from the Ecliptick, or the Meaſure of the 


Angle PS E. Now in the ſpherical Rectangular 
Triangle PNE, beſides the Right Angle at E, we 
have the Side NP, the Diſtance of the Planet from 
the Node, alſo the Angle N the Inclination of the 
Plane of the Orbit to the Ecliptick; wherefore by 
Trigonometry we can find out PE, which is the 
Heliocentrict Latitude of the Planet. This Heliocen- 
trick Latitude, when the Planet comes to the ſame 
Point of its Orbit, is always the ſame and unchange- 
able: But the Geocentrick Latitude, or the Diſtance 
of the Planet from the Ecliptick, as it is ſeen from 
the Earth, even though the Planet be in the ſame 
Point of her Orbit, is not conſtantly the geo 
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the alters according to the Poſition of the Barth, in te- Lecture 
the ſpect to the Planet, For let BT At be the Or- XV. 
1ſt bit of the Earth, » PN, as before, the Orbit of 
LN the Planet, which ſuppoſe to be at P; from Which 
lip- let fall on the Plane of the Ecliptick the Perpendi- - 

hat cular PE: In whatever Part of her Orbit the Earth Plate XIII. 
in is, this Line PE will always ſubtend the Angle Fig. 6. 
een which meaſures the Geocentrick Latitude of the Pla C 
mg net, Suppoſe therefore the Earth at T, and Venus 

ede in P, where ſhe comes neareſt to the Earth; in 

* which Poſition Venus is ſeen in her inferior Conjunr- 

n tion with the Sun, and her Geocentrick  Latitnde' is 

the meaſured by the Angle PI E. But if Venus ſhould 

we be in the ſame Situation P, and the Earth were'at 

* t, and from thence Venus were obſerved in her 

* ſuperior Conjunctiam with the Sun, where ſhe is at 

ch her greateſt Diſtance from us, her Geocentrical La- 

it titude would be anſwerable to the Angle P. E, 

ng which is much leſs than the Angle PTE; becauſe. 

li- the Diſtance Pt is greater than PT. What we 

P- have here ſaid of the Latitude of Venus, is like- 

wiſe true of that of Mercury, and upon the ſame 

wy Account. Hence it is plain, that the inferior Pla- 

Ce nets, all other Things .remainingſthe ſame, have a 

he greater Latitude when they are near the Earth, than 

de vrhen they are further off. And it may happen, that 

ie the Geocentrical Latitude of Venus may be greater 

ie than her Helivcentrick, which will be when ſhe is 

— between the Sun and the Earth, and the is nearer 

/ 9 
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to us than to the Sun. But Mercury keeping al- 
ways at a greater Diſtance from the Earth, than he 
has from the Sun, his Geccentrick Latitude will con- 
ſtantly be leſs than his Heliocentrict, which, when at 
the biggeſt, is about 7 Degrees; for ſo much is the In- 
clination of his Orbit to the Plane of the Ecliptick. 
SiNCE none of the Orbits of the Planets lie in 
the Plane of the Ecliptick, but all of them cut it 
in a Line pafling through the Sun, no Planet can be 
above twice in the Time of its Period in the 


Ecliptick, which is when they are in their Nades; 


— M 4 at 


168 ASTRONOMICAL 


> It all öther times every one of them will deviate, 
XV. ſome more, me leſs, from the ſaid Plane of the 
— iptick: Bat yet there ate certain detetminate 
never tranſgreſs. And there- 
fore, if we imagine in the Heavens a Zone, or broad 

a Circle of 20 Degrees Breatdth, that is, 10 Degrees on 
95 deach Side of the Ecliptick, which lies exactly in the 
Zodiack. Middle bf this Space or Zone ; ſuch a Space will 
and is called the Zodiact, from the Images of living 
Creatures, or the Conſtellations Which fill that Part 
of the Heavens: The Earth keeping 2 as it 
were, in the King's Highway, never turns out from 
its Courſe in the Ecliptick ; but the Moon, and the 
other five Wanderers, will make Excurſions from 
it, for ſeveral Degrees, ſometimes to the Nortb. fr, 
and ſometimes to the Sonth- ſide of the Ecliptick ; 


1 they always keep within the Bounds of the 


The lotion HTHERTO we have conſidered the Motion and 
of Venus Phaſes of Venus, as they have a Relation to the Sun 
in the Earth: Let us next conſider the Motions of 
Zodiack. Venus in the Heavens, as they are obſerved from 
the Earth, and the Way the takes in the Zo- 
diact. For which Purpoſe tet ABC be the Orbit 
of Venus, TGF the Orbit of the #arth, the 


Circle I. MO the Zodiac among the fixed Stars : 


And, firſt, ſuppoſe the Earth in T, and Venus in 


A, near lier ſuperior Conjunction with the Sun; it is 


— evident, that a Speftator on the Earth will ſee Venus 
at A, as if ſhe were in the Point of the Zodiack 
PlateXIII, L: If the Earth had no Motion while Venus moves 
Fig. 7, from A to B in its Orbit, it would ſeem to deſcribe 
the Portion of the Zodiact LM: But in the mean 
time the Earth alſo moves; and when Venus is in B, 

the Earth is come to the Point of its Orbit H; from 


whence the Speclator looking upon Venus at B, ob- 
ſerves her in the Zodiact at t N ſo that ſhe will ſeem 


to have run through the Space LMN in the Zadiact 
* Venus will appear to have gone more 8 
| than 


contain all the Planets in its Compals, 
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than The would have done, had the Barth ſtood fill 


comes to. 


parent Motion in the Zauiart will be very nearly 
equal to the apparent Motion of the Sn. From 


thence let Venus move on from C to A, and in that - 


Time the Earth will have come from G to K, and 
then Venus will be ſeen near her inferior Cenjunction 
with the Jun; in which Poſition . ſhe will be ob- 
ſerved in the Zodiack, as if ſhe were at P: But be» 


16g 


without any Motion in its Orbit. But when Vents XV; 
. the Eartb has moved on to G ſo h 

Venus . is deen in the Line G O drawn from the Earth, Venus 

which touches her Orbit; in which: Poſition her ap- Dire. 


fore ſhe was ſeen at O; and therefore ſhe will vs 
appear to have gone backwards in the Zodiac i _— ah 


the Arch O P, or to have moved from the EH to 
the Me, contrary to the Order of the Signs. And 
becauſe in C ſhe was obſerved to go Eaftwards as 
faſt as the dun does; but in A ſhe-is ſeen to have a 
quick Motion backward : There muſt be ſome Place 
of her Orbit between C and A, where ſhe 

to us neither to go forward nor backward; but to 


ſtand ſtill, and continue in the ſame Place of 3 
Heavens: In which Caſe ſhe is 2 to be AY 56 _ 


or to ſtand ſtill. 

LzerT Venus now arrive at E, nal the Earth at the 
Point of its Orbit F: Venus will then be feen in the 
Point of the Ecliptick Q, and will appear to have 
moved further backward in the Ecliptick, or to- 
wards the He. But when Venus is ſeen from the 
Furth in a Line which touches her Orbit, ſhe will 
then ſeem to have a progreſſive Motion, equal to = 

Motion of the Sun from Weft þ E 

And becauſe before, her apparent Motion was hs 
ward, or from  Eaft to Ve, and now forward the 
contr Way, from Vit to Eaff, there muſt be 
ſome Place between the two contrary Motions, where 
ſhe will neither appear to go backward nor forward ; 
but for ſome Time to ſtand ſtill, and keep the fame 
Pofition in the Heavens. While the Earth comes 
to D, and Venus arrives at C, ſne will appear * 

ime 
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LBecture Time to have moved through the Arch QR of the 
XV. Zodiac, and to have a quicker Motion towards the 
Wa, rs Eft. Hence Venus, when ſhe is in her ſuperior 
| Conjunction with the Sun, is always ſeen to move di- 
realy according to the Order of the Signs ; but when 
ſhe is in her inferior Conjuncdtion, and between the 
Barth and the Sun, then ſhe is ſeen to have a back- 
ward Motion, and to be carried againſt the Order of 

the Sigus from Eaf? to WY/2/. | 
The A- WHATEVER we have demonſtrated concerning 
peararnces the Motions of Venus is likewiſe true, and to be un- 
of Mer- derſtood of the Motions of Mercury ; but the Con- 
cuty like junction of Mercury with the Sun, his Directions, 
mn of Stations, and Retrogradations, are more frequent 
enus. than in Venus; for Mercꝑry circulating faſter, and 
in a leſſer Orbit than Years, does oftener overtake 
the Earth than ſhe. Hence it is plain, that the Mo- 
tions of theſe two Planets, ſeen from the Earth, are 
very irregular and unequal, fince they are ſometimes 
ſeen to have a Motion torward ; ſometimes they ap- 
pear immoveable or ſtationary; after this they change 
their Courſe, and move backward ; and: after ſuch a 
Regreflion they again take up their Stations, and keep 
for ſome Time the me Place in the Zodiath. Whereas 
a Speftator in the Sus will always obſerve theſe Planets 
to go forward with a Motion regulated after a certain 
Rate: For the apparent Inequality of theſe Motions, 
ſeen from the Earth, is ſuch as exactly anſwers to a 
regular Motion round the Sun. And therefore it is 
' * manifeſt, that the Su, and not the Earth, is the 
Center of theſe Planets Motions. BY 11 
TheOrkies We ſhewed before, that the Orbit of the Earth 
of Mer- was not a Circle, but an Ellipſe; the ſame Thing 
cury and is true of the Orbits of Venus and Mercury, and of 
Venus E/- all the other Planets, which are really Ellipſes, and 
bptical. not Circles, that have one common Focus in which 
the Sun reſides, about whom the Planets perform 
their Circulations with Motions, which though not 
perfectly equable, yet they are all regulated by a cer- 
tain, unchanzcable and conſtant Law, which m_ 
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LECTURES. 2 
of them tranſgreſs; for every Planet moves in the Lecture 
Perimeter of his own Ellipſe, ſo that the Line or XVI. 
Ray paſſing from its Center to the Center of the S.. 
does always deſcribe or ſweep an Elliptick Space or 
Area proportional to the Time; or, which is the 
ſame Thing, in equal Time it ſweeps an equal Ares. 
Hence the Planets muſt move more ſlowly in their 
Aphelia, and quicker in their Mabel: And theſe 
Aphelia are not like the Apogeon of the Moon; but they 
are either at Reſt without Motion, or, if they have 
any, it is ſo flow, that it is not eaſily perceived in the 
Time of a Man's Age. And here it is to be obſerved, 
that of all the Planets, Mercury has the moſt Excentrick 
Orbit; for therein the Excentricity is to the mean I 
Diſtance as 2051 to 10000. | mare? 


FEC DDPRRCDDADED 
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LECTURE XVI. | 
Of the Motions of the three ſuperior Planets, 
Mars, Jupiter and Saturn, and the Ab- 
pearances ariſing from them. 


JIA E have now dwelt long eno on The/e e- 
— . the Explications of che — of berior Pla- 
: the two inferior Planets ; let us next . | 
: contemplate the Superiors. For p,;, 0-7, 

which Purpoſe let A B C T be the h in. 
1. Ou bit of the Zarth, and let Saturn, reſets of | 
eiiier and Mars, turn round the the Sun. 
Sun in different Orbits at their proper Diſtances, and Plate 
perform their Circulations, each in its proper Period; XIV. 
and let PQ be a Portion of the Zadiact in which Fig. 1. 
theſe Planets are obſerved to perform their Motions: 
Firſt, It is plain that all theſe Planets, ſeen from the 


Sun, 


* 
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Lecturt Str, may be obſerved either in Conjunction with the 
XVI. £arth, or in Oppoſition to it. Thus Saturn may be in 
hy; when the Farth is in M, in the Line which joins 
the Centers of the Sun and Saturn; in which Caſe the 
: Earth and Saturn from the Sun are ſęen in Conjuntion : 
But the Earth may likewiſe be in the ſame Right Line 
produced the contrary Way, as in B, where trom the 
Sur theſe two Planets will be ſeen in Oppoſition to each 
other. But in this Situation, the Sun ſeen from the 
Earth, will appear to be in Conjunction with Saturn, 
Secondly, It is evident, that theſe Planets, ſeen from 
the Earth, may have any Aſpect, or obtain any Po- 
fition in reſpect to the Sun, and may have any deſired 
Elongation from him; which cannot be in the inferior 
Planets, who are always confined to the Neighbour- 
hood of the Sun. For from the Earth T, there may 
be drawn a Line T P, which will cur all the Orbits 
of the ſuperior P/anets, and may make, with T8 the 
ine which joins the Sun and Earth, any Angle re- 
quired, as 8S T P. And therefore, when the Earth 
is in T, Saturn may be in F, -whoſe Elongation from 
the Sun will then be the Angle STF. Moreover, 
when the Earth and any ſuperior Planet are ſeen from 
=» Sun in Conjunitipn together, that Planet, obſerved 
rom the Earth, will appear in Oppoſition to the Sun; 
and an Itihabitant of our terraqueous Globe will ſee 

the Sun and it, in oppoſite Parts of the Heavens. 
Lt T now any ſuperior Planet; as for Example, 
| Saturn, be ſeen fram the Sun in Conjun#ion with the 
TheTim:s Harth : After Conjunetion the Earth having a quicker 
betwzen angular Motion than Saturn, an Inhabitant or Spec- 
Con- r in the Sun will ſee the Earth daily to recede 
—.— more and more from Saturn. And becauſe the Zarth, 
Oppo- © according to its mean Motion, does every Day de- 
ftions, ſcribe an Areh of the Ecliptick of 59 Minutes 8 Se- 
in theſu- eonds, and Saturn moves only 2 Minutes in a Day, 
perior Pla- the Earth will appear from the Sun, to recede every 
gets. Day from Saturn the Space of an Arch of 57 Mi- 
nutes 8 Seconds. If we ſay then, as 57 Minutes 8 
| RENE vecondy 
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Seconds is to 360 Degrees, or to 21600 Minutes, Lecture 
ſo is one Day to a fourth Quantity; we ſhall have XVI 
the Number of Days in which the Earth will be 
again obſerved from the Sun, to be in Conjunction 
with Saturn, which is 378 Days. But when the 
Earth and Saturn are ſeen from the Sun in Conjunc- 
tion, the Sun and Saturn from the Earth appear in 
Oppoſition, And therefore the Time between two 
Oppoſitions of the Sun and Saturn, immediately fol- 
lowing one another, computed according to their 
middle Motions, is 378 Days, or 1 Year and 13 
Days. And there is the ſame Time between two 
Conjuntions Of Saturn and the Sun ſeen from the Earth, 
or between any two ſimilar Aſpects or Elongations 
from the Sun. And the Time between the Oppoſition 
and Conjundtiam of Saturn with the Sun, is the half of 
this Time, of 189 Days. | 
By the fame Method we ſhall find, that the Time 
between two Conjunctians or Oppoſitions of Jupiter 
and the Sun conſiſts of 398 Days, or a Year, and 33 
Days. But Mars, after an Oppoſition, does not again 
come iuto the ſame Situation, till after two Years and 
50 Days. | 
Wu the Planets are in Oppoſition to the Sun, 
os riſe when the Syn ſets, and ſet when he riſes; 
and then, after their Departure from the Oppoſition to 
the Sun, they remain to the Eafward of the Sun; 
and after Sun- ſet they are to be ſeen in the Evening, 
till they come in Conjuniion with him, when they 
ſet and riſe together, Afterwards, as they recede from 
the Sun, they become more H//terly than he, and are / 
then only to be ſeen in the Morning before the Jun is 
up; for in the Evening they ſet before the Sun; till 
they at laſt come to be oppoſite to the Sun, when again 
they riſe at Sun ſet. bi ; . 
As in the inferior Planets, ſo the ſuperior have 7h, Plants 
not their Orbits in the Plane of the Ecliptick ; for of heir 
the Planes of all their Orbits cut the Plane of the Orbirs are 
Ecliptick in Lines which paſs through the Sus, which zzclined to 
are called, the Lines of the Planets Nodes: And the the Ectip- 
0 | Points ici. 


Lecture Points where theſe Lines meet with the Ecliptick, 
XVI. are called the Nodes. And therefore the ſuperior Pla- 
e never preciſely in the Ecliptick, but when 
| they are in the Nodes: In all the other Points of 
their Orbits they are further or nearer to the Eclip- 

tick, according to their Diſtance from the Nodes; 

and their Diſtances are greateſt, when they are at 


equal Diſtances from both Nodes ; which Points are 


called the Limits, where the greateſt Heliocentrick La- 
titudes, which meaſure the Inclinations of the Or- 
bits to the Ecliptick, are as follow: Saturn's greateſt 
Heliocentrick Latitude is 2 Degrees 30 Minutes Jupi- 
ter's is 1 Degree 20 Minutes z and that of Mars is 1 
Degree 52 Minutes. f c 


TzeHelio- HAVING the Place of a Planet in its Orbit or, 
wins x of which is the ſame Thing, its Diſtance from the 


and Geo- Node, by the ſame Method we find out its Heliocen- 


centrick tric} Latitude, as we did in the. inferior Planets Mer- 


Latitudes. cury and Venus. But the Geocentrict Latitudes, or 


. the Diſtances of the Planets from the Ecliptick, as 


they are ſeen from the Earth, depend much upon 
the Poſition and Diſtance of the Earth. For where 


the Heliocentrict Latitude continues the ſame, yet 


according to the 2 Poſitions the Earth may 

titude of a Planet ſeen from 
thence will be various. For let T & t be the Or- 
bit of the Earth; and the Orbit of any ſuperior © 


have, the viſible 


Planet; as for Example, that of Mars, ſuppoſe to 


be d M, whoſe Plane. is inclined to the Ecliptick, 
19 and cuts it in the Line of Nodes » N. Let Mars 


be in & and the Earth in T, ſo as Mar may be 


Fig. 2. obſerved in Oppoſition to the Sun ; and from d det 


fall on the Plane of the Ecliptick the Perpendicylar 
.& E; this Line will ſubtend the Angle which mea- 
ſures the Geocentrict Latitude. And therefore, when 
the Earth is in T, the viſible. Latitude is meaſured 
by the Angle 4 TE, But if the Earth was in t, 
ſo that Mars was ſeen in Conjunctian with the Sur, 
its viſible Latitude will be the Arch which meaſures 
the Angle d E, which is much leſs than the 

"»& | Angle 


him, as ſuppoſe the Earth in Mor B, and Mars in Mars 
N or R, then ſome Part of the illuminated Face _ — 
will be turned from the Earth; and therefore Mars e 
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Angle 6 T E, and is nearly leſs in the ſame Pro- Lecture 
portion as the Diſtance T & is leſs than the Diſtance XVI. 
t. When the Earth is in T, the Geocertrick La- — 
titude of Mars is greater than its Hehocentrick ; but : 
when it is in t, the Heliocentrick is greater than the 
Geocentrick ; and according to the various Poſitions 
of Mars and the | Earth, his viſible Latitude will be 
changeable; ſo-that all other Things being alike, the 
Latitude is greater, the nearer he comes to the Op- 
Poſition of the S; and the leſs, as he approaches to 
a Conjumction with the ſame. _ * W 

[ T is alſo evident, that none of the ſuperior Pla- 
nets can be ſeen frpm the Earth in the Sur's Diſk, as 
the inferior Mercumy and Venus are; but yet they may 
be all of them covered by the Sun, and lie behind him, 
when they come in Conjunctian with him, and are near 
their-Noges, 1 . 

Since the Faces of all the Planets which are turned Jupiter 
towards the Sun, ſhine only with a reflected and bor- w 
rowed Light; and becauſe the Earth, ſeen from Ju- 2 
piter or Saturn, is always to be obſerved. near the — (full 
Sun's: Body, the Faces of theſe Planets which are 
turned towards the Sun, will allo be towards the 
Earth; whence the Inhabitants om Globe do al- 
ways ahold theſe Planets ſhinmg in full Orbs or 
Circles. But Mars having an Orbit which lies very 
near the Earth, its Face, which is towards the Sun, 


Face. ? - 


Will nat always be totally turned towards the Earth: 


but when in- his Quadrature, or when there is about 
a fourth Part of the Ecliptick between the Sun and 7 
Z 


ures © 
Will not appear in a complete Circle, but will be Pie 


ſeeñ as deficient or L but when he comes to XIV. 


be in Conjunttion or Oppoſition, he then re- aſſumes his Fig. 1 


round Figure, his illuminated Face being totally 
turned towards the Earth; and particularly, when, 
in han to the Sun, he looks brighteſt and big- 


We For 


156 ASTRONOMICAL 
Lecture Fon all the fuperior Planets appear much bigg#t 
XVI. when they are in Oppoſition to . than Xa 
they are in Cosjunction, being much nearer to the 
In Oppo- Earth in the one Poſition than in the other; inſo- 
fition the much that the Difference of their Diſtances in theſe 
| ow two Poſitions, is as great as the Diameter of tha 
Planets Orb in which the Earth goes round the Sun ; whic 
erebiggeft. Difference bears a conſiderable Proportion to the 
Diſtance of Mars from the Sun, and greater than 
it does to the Diſtances of the other Planets; and 
therefore will produce a great Difference in his ap- 
parent Magnitude : For Mars is five times nearer to 
* when he is in Oppoſition, than when he is in Con- 
 Junftion with the $un. And therefore, fince the vi- 
fible Diſk and Luſtre of a Planet increaſes in a du- 
plicate Proportion of that wherein the Diſtance is 
diminiſhed, Mars will appear 25 times bigger and 
brighter when he is in Oppo/ition, than when he is in 
Conjunttion with the Sun. a 
The ECAUSE Jupiter is five times further off the 
rem . Sun 


1 


than the Earth is, the apparent Diameter of the 
meter Fun ſeen from Jupiter will be five times lefs than it 
Sun is ſeen from the Earth, and will be no bigger than 
feen from 6 Minutes, which to us is 30 Minutes. And the 
Jupiter Diſk of the Sur will appear 25 times lefs to the In- 
urn. bdabitants of 41 than it does to us, who will 
" likewiſe receive but the 25th Part of the Light and 
Heat from him that we enjoy. But Saturn being ten 
times further from the Sus than we, the apparent 

\ | „ the Sun ſeen from him, will be no big- 


| ger than 3 Minutes, and will be but little more than 
Their De. twice the Diameter of Venus, when the approaches 

s of neareſt to the Earth: And therefore the of the 
. ; "ab. Sun, ag * would appear to a Saturnian Aftronomer, will 
paredwwith be a hundred times lefs than we fee it; and both its 
cur Heat, Light and Heat are there diminiſhed in the ſame Pro- 
which we portion] and therefore the warmeſt Regions in Saturn, 
receive xen under his Equator, aſe meh colder than out 


2 the Prigid Zones. 
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Ai the ſuperior Planets obſerved from the Sun, Lecture 
will appear to move regularly the ſame Way, and XVI. 
to proceed in their Orbits, according to the ſame | 
Law; which is the equable Deſcription or ſweeping 7he Moti- 
of Elliptick Area's round the Sun; by which Means on: of the 
their angular Motions round the Sun will appear ſome- Planets 
what unequal: For in their Aphelia, they proceed cen from 
more ſlowly ; in coming to their Peribelia, they acce- Hun, are 
lerate their Motions. But theſe Planets, obſerved #7) 742%- 
from the Earth, have very different Appearances, and 5 
irregular Motions in the Zodiact. Sometimes they zz ue 
ſeem to move forward from Ve to Ea, accord- e, are 
ing to their real Motions; then they by Degrees Served to 
flacken their Pace, till at laſt they loſe all their Mo- ge very 
tion, and ſeem to ſtand ſtill. After ſome ſmall Time irregular, 
they are again ſet a moving, but ſeem to take à con- 
trary Courſe to what they had before ; and go back- 
ward directly in Oppoſition to their real and true 
Motions. And thus having for ſome Way gone 
backward, or from Ea/? to Nei, they come again 
to be immoveable and ſtationary. Theſe great Changes 
of their Courſes and Motions are not real in the 
Planets, but are occaſioned by the Motion and Po- 
fition of the Earth, from whencedthe A/fronomer ob- 
ſerves them. ; ns 
LET PQO be a Portion of the Zodiach, Plate XV. 
ABCD the Orbit of the Eqrth, EMGH ZFig. 1. 
the Orbit of a ſuperior Planet : For Example, of 
Saturn; and ſuppoſe the Earth in A, and Saturn in 
E; in which Poſition he will appear in the Zo- p 
diack at the Point O. If Saturn remained there 
without any Motion of his own, when the Zarth 
comes to B, he would be ſeen in the Point of the 
Zodiack L, and would appear to have deſcribed the 
Arch of the Zodiack OL, and to have moved ac- 
cording to the Order of the Signs, from V to 
the EA. But becauſe in the mean Time, while 
the Earth is paſſing from A to B, Saturn does like- 
wiſe move in his own Orbit from E to M, where he 
is ſeen in Conjunctian with the Sun, he will —_ 
to have defcribed the Arch of the 'Zadiack OQ, 
N which 
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Lecture which is greater than the Arch O L; whence the 


XVI. 
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ſuperior Plaucts, when they ate in Conjunetion with 
the Sun, appear to have, a Motion forward much 


When the . Quicker that the other Times, and that for a two- 


Superior 


Planets 


old Cauſe ; which is becauſe oy really. have a 
Motion forward from / to Ea; and likewiſe 


are direct becauſe the Earth, in the oppoſite Patt of the Hea- 
and. fwifl. vens, is cairied the ſame Way round the ſame Cen- 


tory. 


ter. And therefore theſe Planets, when they are 
at their greateſt Diſtance from us, and in Conjunc- 
tion with the Sun, appear to have a quicker Motion 
than uſual to the Fa/?, according to the Order of 
the Signs: In which Poſition a Planet is ſaid to be 
direct, or to have a direct Motion. When the Earth 
comes to C, while Saturn deſcribes the Arch M G, 
he will then be obſerved in the Zadiack at R. But 
the Earth being advanced to K, and Saturn to H, 
ſo as the Line K H joining the Earth and Saturn, 
continue for ſome Time parallel to itſelf, or very 
neatly ſo; then our Aronomers will obſerve Saturn all 


that while in the ſame Point of the Zodiac at P, 


and with the ſame fixed Stars, he then appearing 
Stationary. But the Harth being come to I), and 
Saturn coming into Oppoſitian to the Sun in X, he 
will appear in the Zadiact at V, and will ſeem to 


. have gone backwards through the Arch PV. And 


therefore the ſuperior Planets, when they are in 
Oppoſition to the Sun, are always retrograde, or ap- 
pear to have a backward Motion from EH to fs 

ut 


en Sta- Which is contrary to the Order of the Signs. 


when the Zarth comes again to A, and Saturn re- 


maining near to Z, again that Planet will ſeem. 


there to ocupy his Station, and to remain without 
Motion. at laſt, after the Earibh has left that Situ- 
ation, Saturn will appear to begin again to move 
forward. | r. 
 WnarT we have here ſhewed concerning Saturn, 
is likewiſe to be underſtood of Jupiter and Mars, 
who are likewiſe obſerved to have all theſe Va- 
riations and Changes in their Motions, as ſome- 


times to move quickly forwards, then to ſtand ſtill, 


and 


$4 * 


W 
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afd after that to fall backward; then again they Lecture 
become Stationary ; and in a ſhort Time after they XVI. 
go forward with direct Motion. But the Re- 
greſſions or backward Motions of Saturn, are more en Re- 
frequent than thoſe of Jupiter; becauſe the Earth grograde. 
more frequently overtakes Saturn whoſe Motion 
is flower than Jupiter's, who is not a little quicker 
in his Motion. And for the ſame Reaſon Ju- 
pitzr's Regreſſions do oftner happen than thoſe of 
Mars; becauſe Mars moving faſter, deſcribes a 
greater Space in the Zodiact; ſo that there is more 
Time neceſſary for him to come in Opp-/itien to 
the Cur, than what Jupiter needs for that Pur- 
poſe, | 

Let AC be a Portion of the Earth's Orbit, The Paral 
which is touched by the right Line AN, in which lax of te | 
we will ſuppole the ſuperior Planets to be feen from annual 
the Earth, viz. Mars in 6, Jupiter u, and Sa- Orb. 
turn in hb; and let KL MN be a Portion of the 
Zodiack. Then the Place of Mars ſeen from the 
Sun is K, which is called his true or heliocent ick 
Place. But an A/tronemer on the Earth will obleive 
him at the Point N, which is called his arent cr 
gevcentrick Place; ſo likewiſe Fupiter,) ſeen from the 
Sun, appears in L, which is his true Place; but plate XV, 
from the Earth his apparent Place is N. After the Fig. 2. 
ſame Manner the true Place of Saturn ſeen from 
the Sun, the Center of his Motion, is M; but his 
Place in the Zadiact, that is viſible from the Earth, 
is N. The Arches KN, LN, MN, the Diffe- 
rences between the true and apparent Places of the 
ſuperior Planets, are called the Parallaxes of the 
annual Orb in theſe Planets. Through the San 8 
draw S O parallel to AN, and by the 2gth of the 
1/t of Euclid, the Angles A #8 8, A UN 8, A h 8. 
will be reſpectively equal to the Angles K SQ, 
LSO and MSOQ., But the Angle ANS is equal 
to the Angle NSO, whoſe Meature is the Arch 
NO, which will therefore be the Meaſure of the 
Angle ANS, which is the Angle under which the 
N 2 Semidi- 
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Lecture Semidiameter AS of the Earth's Orbit is ſeen from 
XVI. the ſtarry Heavens. But this Semidiameter is no- 
thing in reſpect of the great Diſtance of the Heavens 
or Stars ; for from thence it would appear under no 
ſenſible Angle, and look like a Point. And therefore 
in the Heavens the Angle NS O, or the Arch NO 
vaniſheth, and the Points N and O coincide; and 
the Arches KO, LO, MO, are of the ſame Big- 
neſs with the Arches K N, LN, and MN, which 
are therefore the Meaſures of the Angles A & 8, 
A US, A h S. But theſe Angles are as the appa- 
rent Semidiameters of the Orbit of the Earth ſeen 
from the reſpective Plant: And therefore in each of 
the ſuperior Planets the Parallax of the annual Or- 
bit is equal to the Angle under which the Semidia- 
meter of the Earths Orbit is ſeen from that Planet; 
and the nearer any of them is to the Earth or Sun, 
ſo much the bigger is that Angle. And therefore 
this Parallax in Mars is greater than in Jupiter, 
and again in Jupiter greater than it is in Saturn. 
But in the fixed Stars there can be no. Parallax of 

the annual Orb obſerved, it being fo very ſmall. 
The Retrs. I T is alſo evident from hence, that the Retro- 
greſſions of greſſions of Mars are greater than thoſe of Jupiter, 
Mars though they do not happen ſo often; fo likewiſe 
greater 3 has his Retrogteſſions greater than thoſe of 
turn; and that upon a double Account: Firſt, be- 


Saturn“. Havinc the Parallax of the annual Orb in any 
The Di. Planet, we can from thence eaſily find his Diſtance 


fances of from the Sun, in reſpect of the Earth's Diſtance 


the Planets from him. For in Mars, becauſe the Angle A & 8 
From the is given, being meaſured by the Parallax of the an- 
Sun, found nual Orb, and the Angle & AS is found by Obſer- 
LAY Pa- vation, being the viſible Elongation of Mars from 

| = of the Sun - If we make the Proportion, as the Sine of 
aundad the annual Parallax is to the Sine of the Elongation, 


fo let SA the Diſtance of the Earth from the Sur 


be 
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de to a Fourth, which will be & 8, the Diſtance of Lecture 
Mars from the Sun. This annual Parallax, by which XVI. 


the Planets ſeem ſometimes to move faſter, ſometimes 
ſlower, in the Heavens, ſometimes to go Eaſtward, 
and ſometimes W:/tward, produces in their Motions 
an 7 which, by the A/tronomers, is called 
their 


econd or optical Inequality, to diſtinguiſh it Their e- 


from their firſt Inequality, which the Planets really cond or op- 
have, by which they move in their Orbits with Mo- ical Ine- 
tions that are not always the ſame. In the Oppo- quality. 


ſitions or Conjunttions of theſe Planets with the Sun, 
this ſecond Inequality or Parallax vaniſhes ; and their 
Geocentrict Places and the Helivcentrick coincide ; or 
a Spefator in the Sun, and another in the Earth, 
would obſerve the Planet in the ſame Point of the 
Heavens. 

TRE Angles A8S AUS, A h 8, are nearly 
the greateſt Elongations of the Earth from the Sun, if 
ſhe were obſerved from the reſpective Planets, when 
the Line N & A touches the Eartb's Orb in A. In 
Mars the Angle A & S is about 42 Degrees; and 
therefore the Earth, ſeen from Mars, never goes ſo 
far from the Sun as we ſee Venus does. In Jupiter 
the greateſt Elongation of the Erith from the Sun 
will be obſerved to be but 11 Degrees, and therefore 
is not ſo much as half the Diſtance we obſerve Mer- 
cury to depart from the Sun. In Saturn, the Angle 
A h 8, or the greateſt Elongation of the Earth from 
the Sun that can be ſeen from that Planet, is but 6 
Degrees, and not much above a fourth Part of the 
greateſt Elongation we obſerve in Mercury. And ſince 
rcury is but ſeldom ſeen by us, a Sight of the 
arth from Saturn may be a rare and unuſual Specta- 
le: Perhaps the Saturnian Aſtronomers have not yet 
Hicovered, that there is ſuch a Body as our Earth in 
e Univerſe. 


Eacn of the two outmoſt of the Planets have a The Alten. 
good Company of Attendants ; for Jupiter keeps no dants or 
ewer than four conſtantly by him, and Saturn five Satellits g 
n his Retinue, which is a Sight no leſs wonderful Jupiter 
han delightful. Theſe Satellizs, like our Moon, do aud Sa- 

| N 3 always Wn. 


- |. 
Lecture 
XVI. 


go, at the furtheſt, but a little Way from their Pri- 
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always accompany their primary Planets in their Cir- 
cuits round the Sun; and in the mean Time they per- 
form their proper Circulations about their Primaries; 
and therefore they will have the ſame Phaſes aud 
Figures that our Mon ſhews us: When they are in 
Oppoſition to the Sun, they appear to Saturn and Fu- 
piter bright and full; from thence receding, they aſ- 
ſume a gibbous Shape. When they come to a Qua- 
diantile Aſpect, they look like Half- Moons; before 
the Conjunc lian they ſhew themſelves in horned Fi- 
gures; and when they come to be joined in the ſame 
Line with the Sun, they totally diſappear. 

Tus E Satellits, ſeen from the Earth, though they 


maries, yet ſometimes they approach them nearer, 
and ſometimes remove a little further from them. 
Let ABT be the Orbit of the Earth, in the Mid- 


dle of which the /g 1efides. Let E F be a Portion 


of the Orb of Jupiter ; in which let Zupiter be in a 
u, who keeps in the Middle of the Orbits of his 
four Attendants. Theſe Sarellits or Moons, when 
they deſcribe the inferior Parts of their Orbits LMN, 
ſeen from the Earth or Sun, will appear to have a 
Motion J/:/tzwar(4 but while they are moving through 
the ſuperior Portfons G H K, we obſeive them to 
move £aſtiwward, according to their ttue Motions. 
Now when their vitible Motions is E/tward, they 
are twice hid from us ; once in O behind the Body 
of "/upiter, that is, in the right Line which joins the 
Centers of the Earth and Jupiter; and again they 
vaniſh and become invifible, when they fall into the 
Shadow of Jupiter, or are in the right Line which 
joins the Centers of the Sæn and Jupiter; and then 
they ſuffer Eclipſes, which is ways when they are 
at their Full, as ſeen from Jupiter: Theſe Eclipſes 
happening in the fame Manner as they do to our 
Moon, by the Interpolition of the Earth between the 
Sun and it. | 

Wren Jupiter is to the Eaft of the Sun, and 
is ſeen in the Evening after Sun-ſetting ; that is, 
when the Earth is in A, they are firſt hid behind 
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Jupiter, becauſe of their viſible Conjundtion with Lecture 
Fupiter, before they fall into his Shadow ; and their XVI. 
ſecond diſappearing is in the Eclipſe, upon their en. 
tering the Shadow. But when Jupiter is more //2/terly 

than the Sun, as he appears after Commtion, when 

he is only ſeen in the Morning; that is, when the 

Earth is about B, then they fall into Jupiter's Sha- 

dow at V, and are eclipſed, before they are hid be- 

hind his Body in P. But when theſe Moons have 

a yetrograde Motion, that is, when they are ſeen to 

go I/:/tward, and deſcribe the inferior Parts of their 
Orbits, then they only once diſappear in Q, when 

they cannot be diſtinguiſhed from the Body of 
Jupiter: But when the Sacllits, ſeen from the Sun, 

are in their inferior Comjnuctias with Jupiter, or as 

ſeen from Jupiter, they are in Conjunction with the 

Sun, their Shadows will fall upon Jupiter, and ſome 

Part of the Diſk of Jupiter will be in an Eclipſe, 

and a Speftator within the Shadow would obſerve a 

total Eclipſe of the Sun, We have already given the 
Diſtances and Periods of all the Fovial and Saturman 
Moons, at the End of our third Lecture. 

B y the Motions and Eclipſes of theſe Moons, the The Paral- 
Parallax of the annual Orb in iter, and his Di-lax f the 
ſtance from the S, may be eaſily known. For, annual 
let POR. be the Orbit of any Sa:i/ir; for Example O-, and 
the outermoſt ; and ſuppoſe the Earth in the Point % Di- 
of its Orbit A, the Time muſt be obſerved wWherlane “ 
the Satellit lies hid behind Jupiter's Body in O :J"P the 
For which Purpoſe the Moment of Time muſt been 48 
carefully marked when he firſt diſappears, and then e by 
alſo the Moment he becomes again viſible; the mid- zheEclip/ess 
dle Moment between theſe two, is the Time when 
the Satellit is in O, or in the Line which paſſes 
through the Centers of the Earth and Jupiter. After 
the ſame Manner obſerve when the Satellit is in the 
middle of an Eclipſe, or in the middle of Jupiter's 
Shadow, that is, when it is in V; by this Means 
we ſhall have the Time it takes to deſcribe the Arch 
OV. And becauſe his Motion about Jupiter is 

N 4 equable,, 
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equable, and his periodical Time known, we can 
from thence find out the Arch OV; for this Planet 
revolves about Jupiter in 402 Hours. Let us ſup- 
poſe the Time he takes to move from O to V be 
12 Hours; ſay, As 402 Hours are to 12 Hours, fo 
are 360 Degrees to a fourth Quantity, which will be 
found to be 10 Degrees 44 Minutes. And therefore 
the Arch OV is 10 Degrees 44 Minutes. But this 
Arch OV is the Meaſure of the Angle O UN V, or 
of the Angle which is equal to it AUS; and the 
Arch which meaſures this Angle is the Parallax of 
the annual Orb, which therefore is known. In the 
Triangle therefore A U S we have the Angle at u, 
and alſo the Angle at A the Elongation of Jupiter 
from the Sun, which may be had either by a Cal- 
culation from Aſtronomical Tables, or by Obſer- 
vation. Beſides, we have the Side AS, the Di- 
ſtance of the Earth from the Sun, which we aſſume 
to conſiſt of 100000 Parts. Since therefore in this 
Triangle we have all the Angles and one Side, by 
Trigonometry we ſhall find the other Sides, and par- 
ticularly 8 u the Diſtance of Jupiter from the Sun; 
ſo likewiſe we may find A u the Diſtance of Ju- 
piter from the Earthchrhich is always variable. t 
for the nice Determinations of theſe Diſtances, it 
may be needful to have ſeveral, and thoſe very ac- 
curate Obſervations, made by the Skilful, and taken 
by the Help of the beſt Teleſcopes. 

By the Eclipſes of Fupiter's Moons we are able 
to give a Solution of a Problem, which is the 


propagated moſt noble and curious in natural Philoſophy, 


in an In- 


which cannot but raiſe our Wonder and Amaze- 


Han, er in ment; that is, Whether Light be propagated to us 


Time? 


in an Inſtant; or if its Motion be ſucceflive, and 
if it takes ſome Time to arrive from the Sun, or 
any diſtant Object, to us! Now theſe Eclipſes do 
ſhew us, that there is no inſtantaneous Motion in 
Light, though jt comes from the Heavens to us 
with a prodigious quick Motion, and incredible 
Celecity. | — IRS - 5 
. | (IP FOR 
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| Fo x if the Motion of Light were in an Inſtant, Lecture 
when the Earth is at T, at his greateſt Diſtance XVI. 
from Jupiter, an Aſtronomer here would obſerve an 
"Eclipſe of a Satellit at the ſame Moment of Time 
he would do, were the Earth at X at her neareſt Thi: Que- 
Diſtance to Jupiter For, according to this Hypo-ftion deter- 
theſis, Light is propagated in the ſame Diſtance mined by 
through all Spaces indefinitely, whether near, or ne- “e Oer 
ver ſo much remote. But if Light takes up any Tron of 
Time for its Propagation through Space, it will ſoon- Eclipſes 
er paſs through a fhorter Space than a greater. And? JuPt- 
therefore an Obſervator at X, being nearer to Ju- Moons 
piter than one at T, by the Diſtance X T, which is 
almoſt equal to the Diameter of the Earth's Orbit, 
will ſooner obſerve the Eclipſe of a Satellit, than a 
Spectator can do at T. And therefore from the Dif- 
ference of thoſe Times, which is proportional to 
XT the Difference of Diſtances, we can collect 
the Velocity of Light; and ſo this Matter is in 
Reality. For whenever the Earth is at its neareſt 
Diſtance from Jupiter, the Eclipſes are found to 
happen ſooner than they do when they are obſerved 
from T at a greater Diſtance, where they fall out 
ſenſibly later than they ought be, according to 
our Aſtronomical Computations. Theſe quicker and 
ſlower Returns of Eclipſes having been obſerved for 
many Years by Mr. Romer with much Care and Di- 
ligence, upon them he founded this Argument for 
demonſtrating the ſucceſſive Propagation of Light; 
and by them he proved, That Light, like all other 2 
odies in Motion, had a determined Degree of Velo- 
City, and took a determined Time to move through 
a given Space. To which Opinion the moſt Part of 
the Aſtronomers and Philoſophers do now give their 
Aſſent. | | | 
T x x Particles therefore of Light, though their 
Minuteneſs be indefinite, and not eafily to be ima- 
gined, yet they have a progreſſive Rectilinear Mo- 
tion, and are not diffuſed as by the Waves of any 
Medium or Fluid. Romer determines the Velocity 
of Light to be ſuch, that it reaches us here from * 
un 
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Lecture Sun in the Space of a 11 Minutes: But that Diſtance 
XVI. does not ſeem to be leſs than 50000000 Miles; 
which Space Light paſſes through in fo ſmall a Time, 
that ſo prodigious a Velocity cannot eaſily be con- 
ceived by us, which fo much exceeds the Velocity 
of the twiiteſt Bodies we know. For though the 
Earth has a very quick Motion round the SAA, yet 
its Velocity, compared with the Velocity of Light, 
is no mo e than that of a Snail, in Compatiſon of the 
Swiſtneſs of the £arth, 
Tir Lenei- FROM the Ecliples of Jupiter's Moms we have 
rude of likewiſe this Advantage, that when they a, e obſerved 
Places . in different Places of the Earth, the Longitude of 
termine Places are by ſuch Oblervations detein.ined, But 
b; the Ob that this Method of finding the Longitude may be 
o14.tions the moie ealily unde: ſtood, we muſt fiſt lay down 
of 199e tome few Principles. 
Eclip/es. Ir through the Poles of the Earih and any Place, 
there be drawn a great. Circie upon its Surface, this 
Circle, by the Rotation of the Earth, will be turned 
round the Earth's Axis : And when the Plane of this 
Circle ptoduced, patles through the Body of the Sun, 
all the Inhabirants which live under this Circle will 
then obſeive the Sgw to come into their Meridian, 
and they will have Mid-day; from whence this Cir- 
cle has the Name ot .a Meridian, tom the Latin 
Word Miilias, which ſignifies Mid-day. Now if 
we imagine another Meridian placed more FZe/tward- 
I, which, with the former, makes an Angle of 15 
0 Degrees, the Plane of this Meridian will pais though 
the S one Hour later than the former did; and 
therefore, when the Inhabitants under this Meridian 
reckon Mid-day, the inhabitants under the firſt will 
reckon one Hour after Mid-day. If there be a Me- 
ridian which makes an Angle of 30 Degiees with 
the firſt we mentioned ; then, when they that live 
under this Meridian have Mid-day, thoie that live 
under the firſt, will reckon two ot the Clock after 
Mid-day ; and fo for every 15 Degrees of the 
A quator which lies between the two Meridians, ſo 


many Hours moie do they reckon, who live under 
. the 
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the more Eaſtern Meridian, than they who ſive under Lecture 
the I eiern. And after the ſame Manner for every XVI. 
Degree of the Equator between Meridians, the Raſi- — 


ern People are four Minutes ſooner in their Reckoning 


than the Viſtern; and for every 15 Minutes of a 


Degree, they reckon one Minute in Time. As for 
Exainple, It the Arch of the Equator between the 
two Meridians conſiſt of 85 Degrees, dividing 85 
by 1g, the Quotient 5 % ſhews, that under the more 
Eaſierly Meridian they reckon the fifth Hour and 
40 Minutes, when they under the Veſlern Meridian 
have Mid-day ; and when the Eaſtern People have 
Mid- day, thoſe to the , will reckon their Time 


4 


to be the ſixth Hour and 20 Minutes in the Morn- ' 


ing; and the Difference between he Hours which 
are reckoned under theſe two Meridians, will always 
be 57, if the Arch of the Equator intercepted between 
them be 85 Degrees. 

O the contiary, having the Difference of the 
Hours which are reckoned under two different Me- 
ridians for the ſame Moment of Time, we ſhall by 
this Difference find the Arch of the Æquator inter- 


cepted between them; which Arch is called the 


Difference of Longitude of the Places under thoſe 
Meridians, when the Longitudes are computed from 
one fixed and ſettled Meridian, which is called the 
firſt Meridian : And this Arch is found by multi- 
plying the Difference of the Hours by 15, and the 
Product ſhews the Degrees. So likewiſe, if the Mi- 
nutes of Time be multiplied by 15, and the Product, 
if it exceed 60, be divided by 60, the Quotient and 
Reſidue will give the Degrees and Minutes that are 
turther to be added to the former, and which make 


up the Difference of Longitude of Places, For Ex- 


ample, Suppoſe the Difference of the Hours to be 7 
and 22 Minutes; 7 multiplied by 15 is 1o5, and 22 
by 15 is 330 Minutes; which divided by 60, gives 5 
Degiees 30 Minutes: And therefore the whole Diffe- 
rence of Longitude is 110 Degrees 30 Minutes. Theſe 
Things being noted, | 


* Tp 


Z = no Purpoſe: For no Man has hitherto been able to 


188 ASTRONOMICAL 


Lecture Ir in two different Places the Beginning of an 

XVI. Eclipſe of any of Jupiter's Mons be obſerved, and 

— the Times marked when this Beginning happened; 

according to the Times of the reſpective Places, the 

-Difference of Hours, converted into Degrees and 

Minutes of the Æquator, will ſhew the Difference of 
Longitude of thoſe Places. 

Ir we had Ephemerides of the Motions. and E- 
clipſes of Fupiter's Moon, accurately computed for 
any Meridian ; inſtead of an Obſervation in another 
Place, we might conſult the Ephemerides, which tell 
when the Eclipſe is to be obſerved in that Place; 
and we might take from them the Hours and Mi- 
nutes when the Eclipſe happens in that Place ; and 
this Time, compared with the Time the Eclipſe is 
obſerved in any other Place, Fill give the Difference 
of Times in thoſe two Places: And from thence we 
can find out the Difference of their Longitudes as be- 
foie, The Longitude of Places may likewiſe be 
found by Obſervations of Eclipſes of Mon, or 
the Appulſes of the Mon to the fixed Stars, obſerved 
from ſeveral Places : But theſe are Appearances that 
are more ſeldom to be obſerved, than are the Eclipſes 

Upen Land of the Satellits of Tuer. | 
tbe Eclipſes Upon Land and firm Ground the Eclipſes are 
_ ih eaſily obſerved ; and if they could be as eafily ob- 
* ſerved at Sea, the Art of Navigation would be 
1,-4.4, brought almoſt to Perfection, and liable to no Er- 
% Tors in Computation; but at Sea the Motion and 
zct & eg. Toſſings of the Ship render all Obſervations of ſuch 
Eclipſes impracticable. And therefore, if any could 
find a Method for determining the Longitude of a 
Ship at Sea at any Time, he would then oblige the 
Seamen with a Diſcovery, by them more deſired 
than any thing elſe in Navigation ; and which would 
| be ſo uſeful to the Publick, that the Parliament hath 
* thought fit to allow a large Reward of 20000 
— i Pounds to the Diſcoverer. Upon which many, 
tempted by ſo great a Reward, have ſpent much La- 
bour and Thought, to 'make the Diſcovery, but to 


lay 
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lay hold on the Reward, though they have propoſed Lecturt 
many different Methods and Ways of attaining it. XVII. 
Many being much in love with their own Inven- 
tions, imagining that they had certainly found it, 

have demanded the Reward promiſed to the Diſco- 

verer ; but yet moſt of theſe Men have been ſo ig- 

norant, that they have ſcarce known what it is to find 

the Longitude. 


DAE SCENES 
LECTURE XVII. 


Of COMETS. | 


Sh 2 ESIDES the ordinary Planets, which e, are 
= ve always in our Neighbourhood, and a gert ef 
within our View, there are another Sort planets. 
of Planets, which may be called Tempo- 

2 9 & rary ; which are cYnſpicuous only for a 
Seaſon, after which they again withdraw, _—_ are no 
longer viſible. The ancient Philoſophers allowed them 
a Place in the heavenly Regions, and ranked them in 
Stations far above the Moon. For Ariſtotle, Seneca, Plu- The Phile- 
tarch and others teſtify, That the Pythagoreans, and the /ophers O- 
whole /tatianSectt, maintained that a Comet was a Kind pinie of 
of Planet or wandering Star, which appeared again after Comets. 
a long Interval of Time. Hippocrates Chius was of 
the ſame Opinion, as Ariſtotle informs us: The ſame 
was the Opinion of Democritus, as we are told by 
Seneca in his Natural Queſtions, Boot VII. Chap. 3. 
For, ſays he, Democritus, the moſt curious and 
4 ſubtle of all the Ancients, ſuſpected, that there 
<< were many more Stars which moved, underſtand- 
« ing by them the Comets; but he neither eſta- 
* bliſhed their Number or their Names, the OR 

cc 0 
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Lecture © of the five Planets not having as yet been diſco» 
XVII. “ vered.“ Again, Seneca aſſures us, That Apollo- 


nius Myndius, one of the moſt ſkilful Philoſophers 
in the Search of Natural Cauſes, did aſſert, That 
the Chaldeans reckoned Comets among the other 
wandering Stars, and that they knew their Courſes. 
Appolonius' himſelf maintamed, That a Comet was a 
Star of its own Kind, as the Sun and Mon are, but 
that its Courſe was not yet known: That by its 
Motions it mounts very_ high in the Heavens, and 
only appears when it deſcends into the lower Part of 
its Orb. And Seneca himſelf embraces this Opinion : 
I cannot believe, ſays he, that a Comet is a Fire 
** ſuddenly kindled, but that it ought to be ranked 
* among the eternal Works of Nature. A Comet 
has its proper Place, and is not eaſily moved from 
r thence ; it goes its Courſe, and is not extinguiſhed 
e but rums off from us. But you will ſay, if it were 
« a wandering Star, it would keep in the Zodiack : 
But who can ſet one Boundary to all the Stars? 
„Who can reſtrain the Works of the Divinity to a 
« narrow Compaſs ? For each of thoſe Bodies which 
« you imagine to be the only that have Motion, 
« have very different Circles; why therefore may 
there not be ſome that have peculiar Ways of 
<« their own, wherein they recede far from the reſt ? 
« But that their Courſes may be known, it is ne- 
ceſſaty to have a Collection of all the ancient Ob- 
„ ſervations about Comets; for their Appearances 
are ſo rare, that their Orbits are not yet deter- 
« mined; nor can we, as yet, find if they have 
<« their Periods, and if they return again in a cer- 
« tain Order.” At laſt he thus propheſies: "The 
« Time will come wherein theſe Things, which are 
c now hid from us, will be diſcovered ; which Ob- 
« ſervation, and the Diligence of After-Ages will 
« find out; for it is not one Age that is ſufficient 
&« for fo great Matters. The Time will be when 
« Poſterity will wonder that we were ignorant of 
« Things ſo plain : One will ariſe who-will demon- 
« ſtrate in what Regions of Space the Comets _ 
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« der, why they recede ſo far from the other Pla. Lecture 
« nets, how great, and what Soit of Bodies they XVII. 
40 ate.“ - 4 
Bux for all this, the whole Set of Perifatetichs, le Peri. 
fearing that Generations and Corruptions ſhould de pateticks 
introduced into the Heavens by placing the Comets /ppo/ed 
in them, thruſt all the Comets down into the fub- Comets 7s . 
lunary Regions, and would maintain, that they were “e Meteors 
nothing but a Kind of Meteors. But the Phæno-Cencrated 
mena, or the Manner theſe Comets appear in, will““ the Air. 
not ſuffer them to have a Place fo low, and ſo near 

to us. For it is clear that they are not generated 

in our Atmoſphe:e, becauſe they ate certainly far 

higher than it zeaches : For Comets are to be ſeen 

at the ſame Time from ditferent Parts of the Eer h, 

which are at great Diſtances from one another; 

which cannot happen to any Body that refides within 

our Atmoſphere, which is not extended upwards above 

fifty Miles. 

5 U T that Comets are not only above the Air, Comets are 
but alſo beyond the Moon, is plain; becauſe Comets Ser 
ſeen from different Places, arc obſerved to be at the nue 
ſame Diſtance from a fixed Sur which is near them. Moon. 
As for Example, The Comet whjgh Tych9 Brabe ob- 
ſerved at Uraniburg, was likewile ſeen by Hagecius, 
at Prague in Eohemza, at the fame Time, which two. 

Places differ 6 Degrees in Latitudes, and are near] 

under the fame Meridian; and both meaſured the 
Diſtance of this Comet from the Star we call the 
Vultur ; that is, how much it was below it towaids : 
the Horizon; for both the /ultur and it were in the 

ſame Vertical Circle, and both Obſervators found 

their Diſtance the ſame, and conſequently they both p,,.. 
viewed the Comet in the ſame Point of the Heavens; XVI. 
which could not be, unleſs it had been higher than Pig. 1. 
the Mon. pe 4 Demons. 

Lt T the Circle AB G repreſent the Earth, in fration 
which let Uramburg be in A, and Prague at B: Letrhat Co- 
D be the Place of the Comet: Let FCE be themes are 
Firmament of the fixed Stars, in which let the Sar Higher 
F be the Yultur ; the Place of the Comet ſeen flom n 4 


Craniburg Moon. 


192 ASTRONOMICAL 
Lecture Uraniburg among the Stars is E, and its Diſtance from 
XVII. the Vultur is the Arch F E; but the Comet ſeen from 
eau, appears in C; and its Diſtance from the 
Fultur is the Arch F C, which is leſs than the Areh 
FE. But by Obſervation is has been found, that this 
Comet, ſeen from both theſe Places, ſeemed to be at 
the ſame Diſtance from the Vultur; and therefore the 
Arches FE and F C are equal, or rather the ſame. 
So great therefore is the Diſtance of the Comet from 
the Earth, that the Arch C E vaniſheth; and is alto- 
gether imperceptible : But the Moon, ſeen from theſe 
two Places, would appear to have different Diſtances 
from the Vultur; and ſo therefore would a Comet 
were it as near as ſhe is: This Comet therefore was 
further diſtant off than the Moon. | 
The true A Comet at D ſeen from the Center of the Earth 
andthe ap- would appear in G; but from the Surface of the 
parent Farth at A it is obſerved in E: The firſt is called 
Place of a the Comet's true Place, and the ſecond its apparent 
Comet. Place; and the Diſtance G E between the true and 
apparent Place, is called the Parallax of the Co- 
met: By it a Comet is always depreſſed more to- 
wards the Horizon, than it is in its true Place. 
ts; Paral. Now the Parallax Mf _— is always equal to 
the Arch that meaſures the Angle, that the Zarth's 
Semidiameter, paſſing though the Place of the Ob- 
ſervator, is ſeen under from the Comet; as we. 
ſhewed before, when we treated of the Parallax of 
the Moon. | | 
f N'ow if there be no ſenſible Parallax, the Angle, 
_ under which the Semidiameter of the Earth is ſeen 
from the Comet, will not be ſenſible; and there- 
fore the Comet muſt needs be at a vaſt Diſtance from 
us, ſince the Earth ſeen from thence appears no bigger 
| than a Point. | N 
. AWayto By the Help only of a Thread, in a Matter of 
find if a fo great Nicety, we may find out if a Comet have 
Comet has any ſenſible Parallax : For a Comet, juſt before it 
— 1 goes ſo ſlowly, that it ſcarce ſeems to 
Aa. move; and it may be twice obſerved in this Man- 
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ver: Firſt, when it is very high above the Forizon, Ledure 
take any two Stars between which the Comet lies XVII. 
in a right Line parallel to the Horizon, which, by wwe 
extending the Thread directly before the Stars may 
de ealily tried; afterwards, when the Comet ap- 

roaches near to the Horta, by extending the 

hread we muſt again try, if it ſtill keeps in a 

right Line between the ſame two fixed Stars, Now 
if there be any ſenſible Parallax which depreſſes the 

Comet, it cannot be ſeen in the ſame Right Line 
as before; and therefore if it keeps the ſame Poſition 
as to thoſe Stars, it is a convincing Argument, that 
the Comet has no ſenſible Parallax, and muſt there- 
fore be at a prodigious Diſtance from us. We need | 
not here fear any Error riſing from Refraction, which 
always raiſes the Stays, and makes them appear more 
elevated above the Horizon than they are; for this Re- 
fraction equally - affects both Comet and Stars; and 
therefore it will not change their Poſitions in reſpect 
Un wesen | | 

A Comet may likewiſe be obſerved when it is Another 

near the Eafters Part of the Horizon, and in a right Method for 
Line with two Stars that are both in the ſame Cir- be /ame, 
cle; which is perpendicular to the Fhorizom: And 
afterwards, when the Stars riſe higher, and are not 

in the ſame vertical Circle as before, if it appear ſtill 
to be in the fame Line with them, it can have no 

ſenſible Parallax; and therefore its Courſe muſt be 

very high in the Heavens. But if it ſhould be found 

more depreſſed than to appear in the right Line that 
Joins the Stars, then the Comet muſt needs have a 
Parallax. If, while theſe Obſervations are making, 
the Comet ſhould have a proper Motion of its own, _ 
there. muſt be made an Allowance for that Motion, 
according to the Time between the two Obſervations, 
As the want of a' diurnal Parallax was an Ar- Comets are 
gument for NN Comets above the Mom, fo Hected 
their being ſubject to' the "Parallax of the annual gt“ the 
Orbe is convincing Proof of their deſcending into, 2 
the planetary Regions; for 3 which have a Mo- a 
ous id . . * tion 
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Lecture tion forward, according to the Order of the Signs, 
| XVII. near the Time of their diſappearing, are all of them 
| [c either flower than uſual; or even Retrograde, if 
| the Earth be between the Sun and them; or they 

are quicker than ordin in their Motions, when 
the Sun is between the Earth and them: And they 
appear in Conjunttion with the Sun, as the Planets 
When a are obſerved to do, On the contrary, thoſe Comets 
which have their proper Motions Retrograde, or con- 
Jeen Retro: trary to the Order of the Signs, are quicker than 
trad. uſual when they begin to withdraw themſelves, and 
diſappear when the Earth is between the San and 
them; or elſe they ſlacken their Pace, and ſeem to 
move more ſlowly, when the Earth is in the oppoſite 
Poſition. Theſe Changes in their Motions ariſe 
from the Motion of the Earth, and its various Poſi- 
tion, as in the Planets, who, according as the Mo- 
tion of the Earth agrees with theirs, or is contrary 
to it, ſometimes appear to go with a retrograde Mo- 
tion; ſometimes they go flower, and ſometimes with 

à quicker Motion. | A | 
F the Earth move the ſame Way as the Comet 
does, and hath anCangular Motion round the Sun 
uicker than it, ſo that the right Lines which con- 
antly join tbe Earth and Comet, all converge to 
Points beyond the Comet: This Comet ſeen from 
the Earth, upon the Account of his flower Motion, 
| o will appear Retrograde; but if :he Motion of the 
W hen the Harth be leſs than that of the Comet, the Motion 
Motion of of the Earth takes off from the viſible Motion of 
a Comet the Comet, and then the viſible Motion of the Co- 
2 2 ſeems. to be — But 22 the Earth and 
; Comet have contrary Motions, the Comet's apparent 

* Motion is thereby accelerated. 

, Wos iaſer the ſame Thing from the Curvature 
| of a, Comet's Way; for they generally ſeem to move 
in great Circles almoſt as logg as their Motion is 
ſwift. Hut at laſt, when Part of their appa- 
tent Motion which ariſes. from the Parallax of the 
annual Orb, bears @ greater Proportien to their 


whole 


- 
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flection or Deviation ariſes chiefly from the Parallax 
of the annual Orb, and exactly anſwers to the 
Quantity of the Earth's Motion, And by Obſer- 
vation, it has been found in ſome Comets fo great, 
as ſufficiently to prove that they have deſcended far 
below Jupiter And in their Perigems and Peribe- 
lions, when they are neareſt to us, they often come 
within the Orbit of Mars, and even the Orbits of 
the inferior Planets. | | 

WHEN the Comets recede from the Earth, and 
approach the Sun, their Luſtre and Light is increaſed 
although their apparent Diameters be diminiſhed up- 
on Account of their further Diſtance from us. 


Trae Figures of Comets are obſerved to be very 23, F. 
different; for ſome of them throw forth Beams like gure; of 
Hair every way round them, and theſe are called Comets. 


Hairy Comets. Others again have a long Beard, or 
rather a fiery Tail, oppolite to the Region in which 
the Sun is ſeen; and they are called Bearded, or 


Comets with Tails, Their Mignitude has alſo been ir 
obſerved to be very different; many of them, with- Magni- 
out their Hair, appear no bigger than Stars of the tude, 


firſt Magnitude. But ſome Authors have given us 
an Account of others, which were much greater; 
ſuch was that which appeared in the Time of the 
Emperor Nero, which, as Seneca relates, was not 
inferior in Magnitude to the Sun itſelf, So the 
Comet, which in the Year 1652 Hevelius obſerved, 
did not feem to be leſs than the Adoon, though it 
had not ſo bright a Splendor; for it had a pale and 
dim Light, and appeared with a diſmal Aſpect. 
Moft Comets have a denſe and dark Atmoſphere 


. ſurrounding their Bodies, which weakens and blunts 
the Sun's Rays that fall upon it; but within it ap- 


pears the Kernet or ſolid Body of the Comet, 2 
when the Clouds are dif ives a ſplendi 
briſk Light. . 0 : 1 


\ 
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whole apparent Motion, then they uſe to deviate Lecture 
from moving is a great Circle; and when the Earth XVII. 
moves one Way, they go the contrary : This De» Wonye—d 
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Ledture Comers, ſince they are at ſuch a Diſtance from 
XVII. the Karth, like all other Stars, muſt have the ap- 
parent Motion round the Earth from Faft to W:/1, 
Comets which ariſes only from the Rotation of the Earth 
have their round its Axis, But beſides this they have a real 
parent aud proper Motion of their own, by which they 
2 nal are continually ſhifting their Place in the Heavens, 
from Taſt and have their proper Courſes in the Celeſtal Re- 
to Weſt, gions. The Antients were not ignorant of ſuch a 
Motion; for they never had reckoned them among 
the wandring Stars, unleſs they had known that, 
like the Planets, they had their peculiar Courſes : 
Seneca acknowledged and obſerved that they had 
ſuch a Motion, and ſaid, that their Way was in a 
Right Line; or, as the Aftronomers uſe to ſay, in a 
great Circle, For in the ſeventh Book of his natu- 
ral Queſtions, Chap. 8. he ſays, „That the Courſe 
They have «« of a Comet is eaſy and quiet, that it takes a de- 
likewiſe @ « termined Way: That Comets do not proceed in 
* Me- 4 a confuſed and tumultuous Manner, as ſome be- 
— « lieve, nor are they driven by turbulent and un- 
„ certain Cauſes.” In his 29th Chap. he mentions 
"0 two Comets, one of which, in- the Space of fix 
Months, paſted thro' one half of the Heavens. An- 
other, in the Time of the Emperor Claudius, was firſt 
obſerved towards she North, which by Degrees aroſe 

The Me. directly higher and higher, till it quite diſappeared, 
thed of + By the Means of a Celeſtial Globe, in whoſe Sur- 
finding the face the Stars are rightly placed and painted, by a 
Courſe of a Mechanical Method, the Way of a Comet may be 
Comet, ceaſily traced in the Heavens. Let there be every 
Day obſerved four Stars which are round the Comet, 
and let them be ſuch as the Comet may be in the right 
Lines which join the two oppoſite Stars; which 
may eaſily be found out by the Means of a Thread 
placed before the Eye, and extended over. againſt the 
Plate Stars and Comet: For Example, let the Comet's 
XVI. Place be A, between the four Stars B, C, D, E, ſo 
Fig. 2. that the Line joining the Stars B and D, may paſs 
thro' the Body of the Comet; and fo GT 
5 = * ine 
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Line paſſing through the Stars C and E. And there- Lecture 
fore upon a Globe, in which are marked theſe four XVII. 
Stars in their proper Places, extend one Thread thro d! 
the Stars B and D, and another thro' the Stars C, E; 
and the Interſection of the Threads will give you“ 
the Place of the Comet. If this be daily done, and 
the Place of the Comet be every Day taken, by this 
Means we ſhall manifeſtly find out the Courſe a Co- 
met takes in the Heavens, which will be found to 
be a great Circle; for all the Points thus marked 
will be found to fall on the Periphery of a great Cir- 
cle: And having any two Points of this Circle, we 
ſhall find its Inclination to the Ecliptick, and the 
Places of the Nodes: For it is only obſerving where 
a Thread ſtretched through the two Points cuts the 
Ecliptick. [T1 

- THERE is another Way of finding out the pro- Another _ 
per Courſe of a Comet, by obſerving every Day its Fay of de- 
Diftance from two fixed Stars, whoſe Longitudes and #2 e 
Latitudes are known; from which Diſtances we cane. 
compute the Places of the Comet; and theſe Places 7% Cour/7 
being marked on the Surface wx Celeſtial Globe, / C 
will manifeſtly ſhew that the Coutle of a Comet is in 5-14" F 

a Portion of a great Circle, excepting that the Mo- 3% EY 
tion of the Earth will make it appear to deviate a 01 
- : great Cir- 
little from it. onen 
HENCE it is manifeſt, that the Motion of a Co- 7, . 
met is in a Plane, which paſſes through the Eye of the ;ion of Cz. 
Spectator, or, more exactly, which paſſes through! ii in 
the Sun; for all viſible Motion that is made in ſuch Planes © 
a Plane, however it be inclined to the Ecliptick, will , 
always appear to be in the Periphery of a great Cir- re rhe + 
cle, Moreover, the Motion of a Comet is regular Eye or tha 
and orderly ;' and tho' it is unequal, yet there is a un. 
certain exact Order obſerved in the very Inequality 

of Motion. The proper Motion of Comets is not 7% 
the ſame in all; but each has its peculiar Courſe, Some C:ur/es 
go from the Ve to the Eaſt, others from Haſt to various, 
Felt, contrary to the Order of the Signs, and their 
Direction is contrary to the Way the Planets take, 

O 3 who 
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Lecture who all move from Vaſ to Eaft: All of them that are 

XVII. exactly obſerved, turn Southwards or Nerthwards, with 

33 ifferent Inclinations to the Ecliptick; and they are 
not like the Planets to be comprebended within the 

Fadiach, but they quickly depart out of it, and with 

various Motions paſs through. all the Regions of the 

Heavens, ſome. with a quicker, ſome a ſlower Mo- 

tion. The greateſt Velocity that any we have yet ſeen 

has had, was that which was obſerved by R-giomon- 

tanus; which Comet moved in one Day full forty. 

Some are ſwifteſt in the Beginning of their. 

Appearance, and flacken their Pace as they begin to 

vaniſh, Others again in the Beginning and End of 

— . 

mi ime are carried with a greater Velocity. 

| 888 IT has been obſerved, that ſome Comets, for a few. 

a Gurſ in Days before they diſappeared, did not keep their 

4 grear Courſe exactly in a great Circle, but did ſomewhat, 

Circle, deviate from it; ſo that the Angle of the Comet's 

Orbit and the Ecliptick, was found to be different at 

laſt from what it was at farſt: But this Deſſection 

was only apparent, and did not ariſe from the real 

Motion of the Comet, but from that of the Earth, 

as we ſhewed in the inferior and ſuperior Planets ; 

whoſe Diſtance and Inclination to the Ecliptick is 

various, according to the different Poſition of the 

Earth, whereas, if they were obſerved: from the Sun, 

any one of them would always appear to move in the 
ſame great Circle. | | 

e tris. ALTHOUGH the Motion of a Comet appears to 

Line that. be in a great Circle, yet its true Way may be quite 

4073. different from a Circle, and may be in very various 

Geri „and different Lines, as either a- right Line, an El- 

liptick, Parabolick, or Hyperbolick Carve; or it 

may be any other Curve deſcribed in the ſame Plane : 

For all Motions in whatever Line the moving Body 

takes, when it lies in a Plane paffing through the 

Eye, will always be obſerved to be performed 

in a great Circle. Many Philoſophers, and not a 

few Aftronomers, have maintained that the eme 

0 1 | Otions 
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Motions are rectilinear; but that which anſwers Lecture 
beft to their Appearance, is a Motion in a parabolick XVII. 
or elliptical Orbit. And if their Orbits be ellipti- yu 


cal, they are extremely excentrick ; ſo that their 
greater Axis bears a very conſiderable Proportion 9 
their leſſer; upon which Aecount they differ very 
much from the Planets, which, though they move 
in elliptical Orbits; yet they are fo little exeentriek, 
that they differ but a ſmall Matter from Circtes. 
Now the Sus reſides in the common Focus of the 
Orbits of both Comets and Planers, And the Co- 
mets obſerve the fame Law in their Circulations 
round the Swi as the Planets do; that is, they move 
at ſuch a Rate in their Orbits, that the Line which 
joins the Sun and them, does always defcribe Areas 
or Spaces proportional to the Times; and therefore 
upon the ſame Account as the Planets, they likewiſe 
muſt have a Gravity or Propenſion towards the Sun. 


WE the Comets come to the inferior Parts of Th-Comers 
their Orbits, and deſcend towards the Jun, or are hen they 
juſt aſcending from him, then only they become become vi- 
viſible ; afterwards departing from the Sun, and af-/%*- 


cending higher in their Orbita they run out into far 


diſtant Regions, and withdraw themſelves from our viſible, 


Bight ; for upon the Account of their going fur- 
ther off the Sun, the Light they receive from him 
is thereby much weakened ; and becauſe likewiſe of 
their greater Diſtance from us, their apparent Dia- 


meters become conſtantly lefs, till at laſt they vaniſh * » 


into a Point, and become inviſible. In their Aphe- 
lions, whither they run out into far diſtant Regions, 
becauſe of the great Excentricity of their Orbits, 
they have a very flow Motion; but in their Perihe- 
lions, where they come near the Sun, they move 
with a quick Pace. | 
Lr 8 be the Sun, AP D G the elliptick Orbit 
of a Comet; T CE the Orbit of the Earth. If 
we ſhould ſuppoſe the Semi- Axis of the Comet's Or- 
bit to be 100 Times greater than the Semi-Axis of 
the Earth's Orbit, or which is the ſame, than its 


O4 mean 


\ 
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Lecture mean Diſtance from the Sun, that Comet would not 

XVII, complete its Revolution in leſs than 1000 Years ; 

por the Squares of the periodical Times of the Earth, 

Piate and Comet, muſt be as the Cubes of their mean Di- 
XVI, ſtances from the Sun; and the Comet becomes vi- 

Fig. 3. fible only for that Part of its Period, wherein it de- 

ſcends towards the Sun, and approaches near the 

or as in F; and then, after it hath paſſed its 

eribelion conſtantly riſing higher from the Sun a- 

bout G, it will begin to vaniſh, and will not be vi- 

ſible without a Teleſcope, If the Aphelion Diſtance 

be to the Perihelion, as 1000 is to 1 the Velocity 

of a Comet in the Peribelion will bear the ſame Pro- 

portion to the Velocity at the Aphelion, For the 

Area ASB muſt be but equal to the Area PS D, 

if the Arches AB and PD be deſcribed by the Co- 

met in equal Times; and then the Arch PD muſt 

be greater than A B, in the ſame Proportion as A S 

is greater than PS, This is the Proportion of their 

abſolute Velocities. But their angular Velocities a- 

bout the Sun are in a duplicate Proportion of theſe 

Diſtances, or as 1000000 to 1; fo that while the 

Comet in its Peribelim deſcribes one Degree with 

its angular Motion, when it aſcends, to its Aphelion, 

it will deſcribe in an equal Time but the 5553235 of a 

Degree; ſo that there it may have ſo flow a Motion, 

that it will require ſeveral Years before it can com- 
pleat a Degree of angular Motion, 179092 
The frali SINCE the elliptiek Orbits of Comets are all of 
Portion of them very Excentrick, thoſe Portions of them where» 
the Elliz/e jn they become viſible to us, may paſs for Para- 
which @ holas, For if one of the Focus's of an Ellipſe recede 
Come! infinitely from the other, this Ellipſe will thereby be 
| 4 of changed into a Parabola ; as when the two Fi come 
p * together and coincide, the Ellipſis is changed into a 
may l Circle. Now by conſidering that Portion of a Co- 
eftiemed o, met's Orbit which is near the Peribelion, as a Piece 
@ Paratg. of a Parabola near its Vertex, the Calculation of 
their Motions becomes much eaſier; and upon that 


Hypathefis our moſt {kiltul 4/fronomer and 7 
2 


i» | 
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Dr. Halley, has conſtructed. and calculated a Table, Lecture 
by which the Motions of all Comets are eaſily com- XVII. 
puted, and the Calculations founded upon this -E 


petheſie do exactly agree with the Obſervations made 
on them. Dr. Halley himſelf, having computed the 
Motions of ſeyeral Comets, and compared them 
with Obſervations made by others, has found there 
was ſo nice a Correſpondence between them, that 
the Calculation ſcarce ever differed from the Obſer- 
vation above three Minutes. By which Examples 
it is abundantly manifeſt, that this Theory ſatisfies 
all the A ances and Motions of Comets, with na 
leſs Exactneſs than the Motions of the Planets are 
accounted for and foretold from the Theories we 
have of them, whoſe computed. Places do ſometimes 
differ from Obſervations as much as in Comets. And 
altho* the Motions of Comets are much more une- 
qual than thoſe of the Planets, yet this Theory does 
wonderfully. anſwer all their Appearances: And 
therefore ſince it is built upon the ſame Laws as the 
T heory of the Planets, and the Motions of one go- 
verned by the ſame Phyſical Cauſes as they of the 
other are; and fince it accuratedy anſwers all Obſer- 
yations of A/ftronomers, it cannot but be the true 
Theory. 


1 


. ALTHO' all the Planets have their proper Motions Many C. 
from Ve to Ea, yet many Comets have been wel, move 
obſerved. to hold on in a contrary Courſe, and Vm Eaſt 
have been ſeen to go irom Ea to Wet, with a“ * 


very great Degree of Velocity. Such was the 
Courſe of the Comet which Regiomontanus obſerved 


in the Year 1472; that deſcribed. 40 Degrees of a Therefore 
great Circle in one Day, Hence we can politively here can 
conclude, that there are no Vortices, or Whirlpools be no Vor- 
of fluid Matter in the Heavens, which, according tices, 


to the Opinion of ſome Philoſophers, carry the Pla- 
nets round the San: For if there were any ſuch 
.Whirl-pools, when the Comets come down and en- 
ter within the Region of the Planets, they mult be 
neceſſarily driven out of their Courſe by the, rage 

Motion 
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Lefture Motion of the Solar Vortex, as by a mighty Tor- 
XVII. rent, which near the Earth is of ſuch Force, that it 
3 carries it above 20000 Miles in an Hour: And who 
can think, that fo rapid a Stream would not affect the 
Comets, and when they have a Motion co to 
its Motion, ſoon deſtroy it? For what can ſo 
violent a Torrent of fluid Matter? Now many Co- 
mets have been obſerved to take a Courſe dĩrectiy con- 
trary to this Stream, and which perform their Mo- 
tions with the greate Freedom and without the lerſt 
Reſiſtance, juſt after the ſame Manner as they would 
do in a void Space, where there is nothing to with- 
ſtund them. Bur this is phi * to the Na- 
ture of a Vortex z for that Au ich can put the 
Planets in Motion, would without all Queſtion, ſet 
all other Bodies which ſwim in it a going the fame 
Way. But ſinee there is nothing like this obſerved 
in Comets, we muſt acknowledge that in the Hea- 
There i: no vens there is no Reſiſtanee, and therefore no Medium 
Fluid in or Fluid, which, compared with our Air, hath any 
1be Hea- ſenſible Denfity': Por our Air gives a very conſidera- 
wenswhich dle Reſiſtance to all Bodies that move in it. 
ha; a ſenſi-- | LE not therefdfe the Carieſiam and Leibnitions 
6lDenfs'y. talk to us any more about their Forticee; for the Ap- 
pearances of the Celeſtial Bodies are ſuch as that we 
can by no means admit of them; fo that they who 
labour to explain the Motions: of the Heavens by 
. them, do only amuſe us with Trifles and Impoſhb 
e lities ; and it is to no purpoſe to trouble ourſelves 
any longer with their Fancies, ſince there is De- 
monſtration againſt them. 

Sincs the Reſiſtance of a flu Medium arifes 
chiefly from its Denſity, it from thence neceffarily 
follows, that where there is no ſenfible Reſiſtance of 
the Medium, there the Medium muſt have no ſenfſt- 
ble Denſity ; and therefore ſince, in the Heavens the 
Comets ſuffer no ſenſible Reſiſtance, but exert their 

Motions with the greateſt Freedom, as if they were 
in a perſect Void or Vacuum, there likewiſe the Den- 
ty of the Medium muſt be the leaſt that can be, or 


next 
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next to Nothing. And who knows but the Medium Lecture 
in the Heavens may be fo rare and fine, that if you XVII. 
except the Planets, and their Atmoſpheres, the Matter. 
which is diffuſed thro? all the reſt of the Planetary 
Region, or our ſolar Syſtem, may not be ſo much 
as that which is contained in an Inch of our common 
Air. For this we have demonſtrated to be poſſible 
in our Phyſical Lectures. 

Tun Philoſophers after this need trouble us no 4 Vacu- 
longer with their Metaphyfica} Quirks againſt a Va- um or Void 
cuum; for they ſeem to be very like the Quibbles of is proved. 
the antient Sophiſls againſt the Poſſibility of Motion: 

And as Diogenes confuted the S»phi/fs by riſing and 
walking, ſo we may anſwer the Carteſians by bidding 

them look up into the Heavens; and there, notwith- 
ſtanding their nice and fubtle Arguments, they will 
find, from the Appearances and Motions there ob- 
ferved, a manifeſt Demonſtration for the Neceſſity 
of a Vacuum. 

Few Comets have been obſerved before their De- The Tails 
ſcent to the dun, and their Return from their Peri- of Comets, 
helion. For before they have been conſiderably heat- 
ed in the Neighbourhood: of the San, they ſcarcely 
project a Tail to make them remarkable: But after 
they have been well heated in their Perihelion, then 
they generally ſend forth a large fhining and fiery 
tail, which ſeems to conſiſt of a very fine, rare and 
luminous Matter, which is attenuated by the great 
Heat of the Sun, and projected with an immenſe * 
Ag from the Body of — * Cauſe of 
this Projection perhaps may be very like that where- 
by a great Quantity of fine lucid Vapour was lately 
thrown out from the Earth, to an immenſe Height 
above the Air, fo that it was viſible through the 
greateſt Part of Europe; and in Figure and Luſtre 
* wy like a atls -— but the Mat- 
ter being ſpent, it ſoon vanithed. | 

IT * remarkable, that all Comets have their 22 


Tails in Oppoſition to the Sun; that is, if the Sun 2 


\be in whe 2, the Tal i projected Bofward, og f he 
5 * | d | I Sun. 
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Lecture if the Sun bein the Eat, the Tail looks fur; 
XVII. at Midnight the Direction of the Tail is to the North. 
i Theſe Tails grow bigger as they deſcend; to the Sun, 
and at the Peribe/ions they are biggeſt ; and as they 
go further off from the Sm, and cool by Degrees, 
the Tail leſſens, till at laſt it is contracted within the 

Comet's Atmoſphere. yr "OY 
ComETs which have ſhort Tails, do not throw 
forth, the Matter of them with a very quick Motion, 
in à continual. Stream from their Bodies; ſor then 
they would ſoon be diſſipated and vaniſh: But theſe 
Tails ſeem to be rather permanent and fixed Co- 
lumns of Vapour and Exhalations, which being pro- 
pagated from the Body with a low Motion upwards 
and retaining ſtill the Motion which they had im- 
preſſed in them to ge along with the Comet, they 
ſtill continue to move on with the Body through the 
Celeſtial Regions, From hence we may likewiſe con- 
clude, that in the Heavens there is no Reſiſtance; 
for in them not only the ſolid Bodies of Planets move, 
but alſo the thin and fine Vapours which ariſe from 
Comets feel no Reſiſtance; but move with the grea- 
teſt Freedom, and for da long Time preſerve their 

Motions. . . a os LE! | x | 1 41 

Tu great Comet which appeared in the Year 
1680, after its Departure from the Peribelion, pro- 
7 ſuch a Tail as extended. itſelf more than forty 
a Jegrees in the Heavens; nor can this be a Wonder, 
or it was, ſo near the Sun, that its Diſtance from 
his Surface at the Peribelian was but a ſixth Part of 
the Diameter of the Sun's Body; and therefore the 
Sun ſeen from the Body of the Comet, would appear 
to fill the greateſt Part of the Heaven, and its appa- 
rent Diameter would not be leſs than 120 Degrees; 
and therefore the Heat it received from thence muſt 
be prodigiouſly intenſe beyond Imagination; | for it 
2 42h. above 3000 Times the Heat of red hot Iron, 
And therefore we muſt allow, that the Bodies of Co- 
mets, which; can bear ſo great, a Heat, muſt be very 
gente, hard and durable Bodies: For if they were 
pe | | nothing 
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nothing but Vapours and Exhalations raiſed from the Lecture 
Earth and Planets, as ſome have dreamt, this Comet, XVIII. 


at ſo near an Approach to the Sun, muſt have bee 
quite deſtroyed and diſſipated. 1 b 


LECTURE XIII. 


The Spherical Doctrine, or, Of the Circles 
of the Sphere. 


8 IN CE every Spectator, in a The Eye of 
, "I 


* 


N Place of the vaſt Expanſion of the U- aSpectator 
SH > RP niverſe he reſides, is always in the #s a/ways 
Center of his own View, when he ia be Cin- 
books up at the Heavens, he will fee % 97 5 
| it as a Concave Spherical Surface, Flew. 
whoſe Center is the Eye, which Surface is every way 
beſpangled with an innumerable Multitude of ſhining 
Stars: And the Spectator will likewiſe obſerve; that 
all the Heavenly Bodies perform their Motions, whe- 7 is no 
ther real or apparent, in this Surface. Now fince Matter 
the Diſtance of the Earth from the Sun is but a whether) | 
Point, as it were, in Compariſon of the immenſe d Center | 
Diſtance, of the. Starry Firmament, in whatever Point / 15H a- 
of it's Orbit the £arth is placed, there will be the v , 
ſame Proſpect of the Heavens, the ſame Poſition and ua, rag P | 
Magnitude of the Stars and Figures of the Conſtel- gun o- 
lations, as a Spectator would: obſerve, did he reſide Earth. 
in the Sun; and therefore it is the ſame Thing as to 
theſe Appearances, whether the Center of the Uni- 
verly or Heavens, be placed in the Sw: or Earth: 
And. if wg imagine feveral Circles to paſs through 
the Earth, and to bave its Center for theirs, and 
others parallel to them to paſs through the Sun theſe 
Circles in the Heavens will ſeem to coincide, becauſe 
their Diſtance. will vaniſh in; reſpect of the 2 

3 iſtance 
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Lecture Diſtance of the fixed Start; and thoſe Circles which 
XVIII. are drawn through the Sm and Earth on parallel 
Planes, will appear to paſs thro' the fame Stars in the 
eavens. . | 
Agreat Fon the better determining the Places of all ſorts 
Circle. of Stars, and obſerving of their Motions, it is requi- 
te to imagine ſeveral Circles deſcribed in the Heas 
vens, fome of which are great Circles, others of a 
* leſs Size. A great Circle is the greateſt that can be 
deſcribed on the Surface of the Sphere, and divides it 
into two equal Portions, and has likewiſe the ſame 
Center that the Sphere has; and therefore all great 
Circles, having the ſame Center, mult cut each other 
into equal Portions or Semicireles. 
The offer Tux leſſer Circles divide the Spheres into unequal 
Circles. Portions, and have not the ſame Center that the 
Sphere has; and they take their Denomination from 
ſome great Circle to which they are parallel, as the 
. uator, Horizon, or Ecliptick. K* 
The Poles VERY Circle of the Sphere hath two Poles, which 
-of Circles, are Points on the Surface of the Sphere, which are 
at equal Diſtances from all the Points of the Circle ; 
and they are placed in the Surface where a Line 
from the Center, perpendicular to the Plane of the 
Circle, meets with the Surface of the Sphere, when 
the Line is produced both ways. 
Cireles Some Circles of the Sphere depend only upon the 
- moweable place of the Spectator, and have a Regard to his Po- 
ood tm- ſition; others again are produced by Motion : The 
N firſt are called moveable Circles, becauſe, as the Place 


of the Specta changed, ſo are they, and move 


along with him. The ſecond are called immoveable, 
and are ſuppoſed to be fixed to the ſame Points of 

Tre Circles which owe their Origin to Motion, 
are chiefly the Ecliptick and Æquinoctial, and their 
Parallels. For becauſe the Zayth is 


eadfied round 
the Sum in a Year, the Spectator in the Sun will fee 


the Earth deſcribe a great Circle' in the Heavens or 
Starry Firmament, which we eull the Eeliptick; ard 
it is the very ſame Circle which we in the Barth 


: obſer ve 


"LECTURES. 


obſerve the Sun to move in by an apparent Motion, Lecture 
likewiſe in the Space of a Year, as we ſhewed be- XVIII. 


fore, The Ecliptick is divided into twelve 


Parts, which are called the twelve Houſes or Signs, The Eclip- 
and they have their Names from the neighbouring #4 and 


Conſtellations: They 
of the Equator and Eeliptic, and are reckoned 
from the Vi Eaftward:s, as the Sun ſeems to move. 
The firſt three Signs are v * u, which ariſe from 
the Equinoctial, and aſcend Nerthwards to the Point 
of the Summer Solſtice, The next three are B R 
mM, which begin from Cancer, aud deſcend again 
towards the inoctial, till they come to the Au- 
tumnal Interſection. The third Ternary of Signs 
conſiſts of A m F, which begin at Libra, and de- 
rting from the Æquincctial Sauthward, reach the 
inter Solſtice, kf t X make the fourth, which 
begin at Capricorn, and end in the Vernal Aquinox, 
Each Sign is divided into 30 ces, and conſe- 
quently the whole Ecliptick into 360, The Sun is 
'al obſerved in this Circle, never deviates in 
the - from it, as the Planets do, which go 
ſometimes on one Side of it, {#metimes on the other, 
through a-Space of about eight Degrees ; and there- 
fore, if we imagine a broad Circle or Zone of about 
ſixteen Degrees in Breadth, which the Ecliptick cuts 
in the Middle, this will be the Space wherein the 
Planets perform, all their Motions, and by the Greeks 


in at the Vernal Interſection 177 Parts 


it is called the Zodiach, by the Latins Signifer, or The Zo- 


Ir we imagine an indefinite Number of great 
Circles to be drawa thro the Poles of the Ecliptick, © 


the Sign-bearer, becauſe of the Signs placed within it. diack. 


ries of the 


and interſecting of it, theſe Circles are called Se- x14, 


_ condaries of the Ecliptick, for by them every Star 
and Point of the Heavens are reduced ta. the Eclip- 
tick, and bave-theic Places in regard to it determined 


in the ens. For the Place of any Star reduced 
to the Keliptick, is that Point where the Secondary 
theo the Star interſects the Ecliptick. The 
Arch this Point and the Beginning of Y, 


nd S « © 18 


or the Vernal InterſeQion, and counted Caſf ward, 
* 
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Lecture is called the Longitude of that Star, as the Arch of 
XVIII. the Secondary between the Star and the Ecliptick is 
Aa called the Latitude of that Star, and is either North 
The Longs: or South ; for the Ecliptick' divides the Starry Firma- 
tude and ment into Hemiſpheres, North and South. © ** 
Latitude Steg the Earth turns tound its own Axis, from 
J Star. thence it comes that the Inhabitants thereof ſee the 
Heavens and all the Stars revolve round the Earth, 
in the Space of twenty-four Hours, from Eaft to 
Weſt ; which apparent Motion is called the diurnal 
or daily Revolution of the Heavens, and was con- 
ceived to be by the Force of a moving Sphere called 
the Primum Mobile, or Firft Mover, which carried 
the whole Heavens round with it about an Axis, 
which coincides with the Axis of the Barth pro- 
duced, as if the Earth itſelf had nd Motion, but 
the Heavens were volvible. The great Circle which 
is exactly between the two Poles of the Earth, or at 
equal Diſtance from both, is called the Earth's - 
quator; and if we imagine the Plane of this Cir- 
cle extended or produced to the Heavens, it will 
there make the Celeſtial Æquinoctial Circle, or the 
The Egal. Equator in the Heevens ; and all the Stars, and 
wftial, every Point of the Heavens except the two Poles, 
will ſeem to deſcribe by their apparent Revolution 
either this Circle, or a lefler parallel to it; which 
Circles are either bigger or leſſer, according as the 
Stars which ſeem to deſcribe them, are more re- 
moved or nearer to the Poles, | 4 
THe AÆquinoctial and Ecliptick being both 
great Circles, will cut each other into Semi- circles, 
** and their common Interſection will always k 
3 parallel to itſelf, and will conſtantly be directed 
| to the fame Point of the Heavens; for we here 


The Pri- 
mum Mo- 


|; bile, 


— C 


12 abſtract and conſider as nothing that very ſmall 
42 Motion, whereby the Axis of the Earth falls back- 
=, ward, and this Interſection equally - with . And 

therefore, whenever the Sun is - obſerved in the 

Point of the Ecliptick, where this Inter ſecton i that 

is, when the Earth is really in the oppolite," the 

Sun then by this apparent diurnal Motien will de- 
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ſeribe the Equinoctial Circle in the Heavens; and Lecture 
there being two Points of Interſection, the Sun will XVIII. 
be obſerved to revolve in the Equinoctial, twice every wony——d 
Year; that is, when he is in the two Interſections, 
Vernal and Autumnal, at which Times all the Inha- 
bitants of the Earth will have their Days and Nights 
* upon which Account this Circle has got the 
ame of the Æquinoctial. The Angle which the 
Ecliptick and the Æquator make at the Points of In- 
terſection, is about 231 Degrees. The Sun leaving 
theſe Interſections by an apparent Motion, declines 
every Day from the Equinoctial Circle more and 
more towards the North or South, till he comes to 
the ninetieth Degree from the Interſections, where 
he appears to be 23+ Degrees diſtant from the Equi- 
noctial, which is his greateſt Declination: For from 
thence he begins to return again towards the Equi- 
noctial; and therefore the two lefler Circles, which 
the Sun, at his greateſt Declination, ſeems by his 
diurnal Motion to deſcribe, are called the Tropicks, — re 
from a Greek Word which ſignifies tv return: This pie. 
upon the North Side of the Equinoctial, is called the 
Tropict of Cancer; the other, on the Sauth Side, the 
Tropict of Capricorn. How this apparent Motion of 
the Sun, and conſtant Change of his Declination, 
ariſe from the real Motion of the Earth, the Sun 
himſelf being all the while at Reſt, we have already 
explained in our ſeventh Lecture. The 
THERE are two remarkable leſſer Circles of the polar Ciro 
Sphere, which are parallel to the Equinoctial; and % = 
theſe are deſcribed by the apparent diurnal Motions 
of the two Pales of the Ecliptick round the Poles of 
the EquinoQtial, from which they are diſtant 237 
Degrees. They are called the two polar Circles; 
this in the Northern Sphere is named the Arctic Cir- 
cle, from the two Bears that lie near it; the other 
Circle on the South is called the Antarctic, or Cir- FS. 
cle oppoſite to the Areticł. TY 3 
Ix thro? the Piles of the World, or of the Equi- Seead arg ʒ 
noctial, there be conccived innumerable great Cireles Ye 
I? . to dect. 


4 


— —_ 
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Lecture to be drawn, they are called Secondaries of the E- 

XVIII. quinoctial, by the Help of which the Poſition of eve 
point of the Heavens, in Woard to the Equincctial, 
is determined, as before they were determined by the 
FSecondaries of the Ecliptick, in regard to the Eclip- 
The right tick: And the right Aſcenfion of a Star, or Point 
Aſcenſion in the Heavens, is an Arch of the Equinoctial, be- 
and Decli- tween the Beginning of Aries and the Point where 
8 J the Secondary, paffing thro' the Star, cuts the Equi- 
Ps noctial. The Declinatien of a Star or Point is the 
Arch of the Secondary intercepted between the Star 
and the Equinoctial, which is likewiſe, as the Lati- 
| tude, either North or South, as the Star declines to- 
wards the Neorth or South Pale: From hence theſe 
Secondaries are called Circles of Declination, And 
The two the two chief of them are the two Colures, one of 
Colures. which, paſſing thro” the two Equinoctial Interſections, 
is called the Equinoctial Colure; and the other, which 
cuts the former at rig t Angles, and paſſes thro' the 
Poles of the Ecliptick, is called the Solſtitial Colure, 
becauſe it interſeQs the Ecliptick in the Points which 
are at the greateſt INiſtance from the Aquator ; to 
which when the Sun comes, he does not ſenſibly, for 
ſome Days, change his Declination, but ſeems to ſtand 
without approaching to, or receding from the Equi- 
noQial ; and therefore theſe Points are called Solſtices. 
Tur Circle which is on the Surface of the 
* * Earth, exactly in the Middle between the two Poles, - 


is the Earth Mquator ; and by the Production of it 
wee ſhewed, that the Celeſtial EquinoQtial was formed. 


And as the Places of all the Stars in the Heavens are 
determined by their Longitude and Latitude, in re- 
gard to the Ecliptick and its Secondaries; ſo by the 
terreſtrial ZEquator and its Secondaries, drawn thro' 
the Poles of the Earth, the Poſitions of Cities and 
Places upon the Surface of the Earth are determined 
according to Longitude and. Latitude, A Secondary 


. of the Aquator, paſſing thro' any Place on the Earth's 
_e — Surface, is called the Meridian of that Place; be- 


Place, Cauſe that when, by the Rotation of the Earth round 
| 1 5 its 
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its Axis, the Plane of that Meridian comes to paſs Lecture 
* thro* the Sun, then the Inhabitants under this Meri- XVIII. 
dian have Mid-day. The Longitude of any City or Gaya 
Place is an Arch of the Equator intercepted between 70% Longi- 
a certain Point where ſome fix'd Meridian paſſes, de and 
which is called the firſt Meridian, and the Meridian 3 
of the Place. The ancient — 7 made the firſt T tel. 
Meridian paſs thro' ſome known e, which was as 
far Peftward as they knew, and from thence they 
reckoned the Longitude of all Places conſtantly Eaſ- 
ward: But ſince by Navigation it has been diſcovered | 
that there is no Place in the Earth that can be eſteem- F 
ed the moſt #2ferly, ſo that there is not another more | 
Weſtward beyond it, this way of computing the Lon- # 
gitude from a firſt Meridian hath been generally laid 
aſide; and now each Geographer determines the Lon- 
gitude of Places in regard to the Longitude of the 
chief City of the Country where he dwells. The 
Latitude of a Place is an Arch of the Meridian of that 
Place intercepted between the Place and the Æquator, 
and is either North or South, as the Place lies on the 
North or South Side of the ZEqttator, 8 

Or the Inhabitants of the Earth compared with 
one another, in regard to their Meridians and Paral- The Peri- 
lels, ſome are called Periæci, that live under the ſame c. 
Parallel, but in the oppoſite Semicircles of the fame + 
Meridian; both of them have the Seaſons of the , 3 
Year the ſame, -the Sun by its annual apparent Mo- | 
tion coming to or receding from the Vertex of both 
Places at the ſame Time of the Year; but they 
change. their Turns of N ight and Day, ſo that when 
it is Mid-day to the one, it is Mid- night to the other. 
Others again are called Antœci, whoſe Habitations Th, An« _ 
lie in the ſame Semicircle of the Meridian, but in tœci. 
oppoſite Parallels, and both of them have Mid- day 
and Mid-night at the ſame Inſtant of Time; but the 
Seaſons of the Year are differem, it being Summer to 
one, when it is Winter to the other. Laſtly, there 


in both gppoſite Parallels and oppoſites Meridians, podes. | 
| P3 have 


- 


. = 
„ 
5 


* 4 . 
3 wat 


ate the Antipodes, whoſe - Habitations being fituated The Antis _ 
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have their Feet directly oppoſite to one another in a 
Line paſſing thro' the Center of the Earth; and they 


— have not only their Days and Nights directly contrary 


The five 
Zones. 


The Am- 
phiſeii. 


but alſo the Seaſons of the Vear: When it is Sum- 
mer in the one, it is Winter in the other Place; and 
when Mid- mY in the firſt, the ſecond reckons Mid- 
night; 

Tre four leſſer Circles in the Surface of the 
Earth's Globe, which lie directly under the Circles 
of the ſame Name in the Heavens, viz. the two Tro- 
picks and Pelars, divide the Earth into five Portions, 
which are called Zones; of which the Torrid is that 
which is bounded an each Side by a Trepick, and was 
believed by the Ancients to be not habitable, by rea- 
ſon of the violent Heats: But our modern Travel- 
lers and Voyagers have diſcovered this Tract of the 
Earth's Surface to be the moſt fruitful and delightful 
of all, abounding not only with the Things that are 
neceſſary, but ſuch likewiſe as conduce to the Satis- 
faction and Pleaſure of Life; upon which Account 
it is very well ſtored with Inhabitants. There are 
two cold Zones which the polar Circles comprehend ; 
in the Middle of the one lies the Ar&ick Pole, of the 


other the Antardich, and in them the Cold is ſo ex- 


ceſſive, that they are ſcarcely habitable. Beſides 
theſe, between the Frigid and. the Torrid Zone, on 
each Hand lie the two temperate ones; that on the 
North is poſſeſſed by us, the other our Antipodes keep. 
Virgil elegantly deſcribes theſe five Zones. 


Duinque tenent Cœlum Zonæ, quarum una coruſco 
Semper Sole rubens, & torrida ſemper ab igne; 
Duam circum extreme dextra lavagq; trabuntur, 
Cœrulea glacie concrete atq ; imbribus atris. 

Has inter mediamg ; due mortalibus ægris 
Maunere conceſſe Divum. 


Tux Inhabitants of the tortid Zone are called A- 
phiſcii, having their n. Shadows at 8 
imes 
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Times of the Vear projected towards both Poles ; Lecture 
but when the Sus comes to be Vertical to them, then XVIII. 
they have no Shadow, and are Aſcii or Shadowleſs .. 
nothing that ſtands perpendicularly upwards having a Le Aſcii. 
Shadow at Noon. We who live in the temperate 

Zones may be named Heteroſcii, having our Meridian , Hete- 
Shadow projected only towards one Pole throughout ,gfcji, 
the whole Lear. But the miſerable People of the two 

Frigid Zones, are called Periſcii, becauſe the Sun not The Peri- 
ſetting upon them, their Shadow turns quite round ſcii. 

in the Space of twenty-four Hours. 

THE two Circles which we conceive to be im- 
moveable, and determined by their reſpect to the 
Spectator, are the Horizon and Meridian, The Hori- 
zon is that great Circle which any one, when he is 
placed in a large extended Plane, or in the open Sea, 
obſerves, terminating or bounding his Sight every 
where round him, by which the viſible Heaven is di- 
ſtinguiſhed and ſeparated from the inviſible. This 
Horixon, being diſcovered by our. Senſes, is called the 
ſenſible Horizon, from which the rational Horizon, 7, Hort. 
parallel to it, is diſtant by the Semidiameter of the yon f,. 
Earth, thro' whoſe. Center it paſſes: For the Afirons- ble and ra- 
mers reduce the Appearances of the Heavens to a tional. 
ſpherical Surface, which is not concentrical to the 
Eye, but to the Earth. 

*T1s true, : theſe two Horizons, produced to the 
fixed Stars, will appear to coincide into one, ſince the 
Earth, compared to the Sphere in which the fixed Stars mY 
appear, is but a Point; and therefore the two Circles 
which are but a Point diſtant from each other, may 
be well conſidered as coinciding into one. There are 
two Poles of the Horizon; the one is the Point of the 
Heavens which is directly over the Head of the Spec- 
tator, and is called the Zenith; the other directly op- Zenithand 
polite, under his Feet, is named the Nadir; and in- Nadir, the 
numerable Circles, drawn thro' theſe Poles to the Poles of 
Horizon, are ſtyled Vertical Circles or Azimuths. A- the Hori- 
mong them there are two particularly remarkable, *9N- 
one of which is the Meridian, and the other is the 
2 P 3 Prime 


oy 
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Lecture Prime Vertical; the firſt paſſes thto“ the Poles of the 
| XVIII. Equator and the Zenith, and cuts the Howizon in the 
6 — Points of North and South; the other paſſing thto' the 
4 The Verti- Zenith cuts the former at right Angles, ahd marks 
4 cal or Azi- upon the Horizon the Points of Eaft and . Theſe 
| mach Cir. Circles divide the Horizon, at their Interſections with 
cles, it, into four Quarters, each of which is again ſubdi- 
vided into eight Parts; and conſequently the whole 
Horizon is divided into thirty-two Parts, which are 
called the Rhumbs or Points of the Compaſs. | 
The Alti- Tus Altitude or Depreſſion of any Star is an 
rude or De- Arch of the Vertical intercepted between the Hori- 
preſſion of zon and the Star. | | 
The Az;i. AGAIN the Azimuth of a Star is an Arch of the 
muth of a Horizen, intercepted between the Points of North ot 
Star, South, and the Point where the Vertical paffing thro? 
the Star cuts the Horizon, and is either Eafterly or 
W:fterly, The riſing or ſetting Amplitude of a Star 
is an Arch of the ' Horizom intercepted between the 
Points where the Star riſeth or ſetteth, and the 
The Ampli- points of Eaſt ot W:/t; and this Amplitude is either 
__—, North or South, according as the Star, at riſing ot 
ſetting, is to the North or South of thoſe Points. 
As in the Horizom all the Stars firſt appear and 
diſappear, ſo in the Meridian Circle they all ariſe te 
their greateſt Height or Altitude, where they ate ſaid 
PheCulmi- to Culninate; ſo likewiſe they are at their greateſt 
nation. Depreſſion below the prison, when they arrive at 
| * the ſame Meridian. Now fince the Meridian makes 
Right Angles both with the Equator, and Horizon, 
it will divide the Segments of the Aquator and all 
Parallels, as well thoſe that lie above the Horizon *s 
thoſe which are below it, into equal Portions; and 
therefore the Time between the riſing of à Star, and 

its Culmination of Artival at the Meridian, will be 
equal to the Time between this Culmination and its 

Setting; and becauſe the Sw: every Day deſcribes 
ſome Parallel by its apparent diurnal Motion, when 

the Sun comes to the Meridian at any Time, it will 
be then Mid-day; and Midnight, when he arrives 
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at the ſame Meridian below the Horizon; and from Lecture 
thence this Circle has its Name. The Ninetieth or XVIII. 
Nona geſimal Degree is that Point of the Ecliptick Gony—ed 
which is 9o Degrees diſtant from the Interſections of 
the Horizon and Ecliptick, and the Altitude of this 
Point is the Meaſure of the Angle of the Horizon 
and Ecliptick. The Medium Coli or Mid-Heaven, 
is that Point of the Ecliptick which culminates, or 
is in the Meridian. In the aſcending Signs from ve 
to S, the Nonage/imal Degree is to the Ea of the 
Meridian, but in the deſcending Signs, from & to WM, 


Meridian as immoveable Circles taking the apparent Toe Hori- 
Motion of the Heavens as real; yet if we ſpeak. ac- 72? an 
cording to Truth, and the Nature of Thi the truly 
Horixan and Meridian are the only moveable "Circles, Mato 
and the Sun or a Star riſes not when it aſcends, but Circles. 
when the Plane of the Horizon deſcends below it, flo 
that the Star or Sun becomes viſible. 80 likewiſe 
the Stars ſet not by their own Motion, or. goin 
down under the Horizon, but by the Horizon's aſ- 
cending and getting above t : which Motion of 
the Horizon ariſeth from the Rotation of the Earth. 
So alſo the Sun or Stars arrive at the Meridian, when 
the Plane of the Meridian of any Place, having an an- 
gular Motion round the Axis of the Earth, comes to 
paſs thro' the Bodies of the Sun or Stars. | 
_ SINCE every Meridian finiſhes its Circulation»Tly uni- 
round the Axis, or 360 Degrees in twenty-four wer/a/ M. 
Hours, it myſt each Hour have an angular Motion ridian. 
of 15 Degrees, which is the twenty- fourth Part of 
360; and therefore, if we conceive a Circle paſſing 
thro* the Poles, which makes an Angle of 15 Degrees 
with the univerſal Meridian paſſing thro' the Sun, 
when by the Zarth's Rotation the Plane of the Meri- 
dian of any Place comes to the Plane of this Circle 
after it has paſſed the univerſal Meridian; then the 
- Inhabitants in that Meridian will reckon one Hour af 
ter Mid-day, and therefore that Circle is called the 


P4 Circle 
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Circle of the firſt Hour. In like Manner, if another 
Circle. be conceived cutting the EquinoQtial in the 


ny—d thirtieth Degree from the univerſal Meridian, this 


will be the Circle of the ſecond Hour ; and when 
the Plane of the Meridian of the Place comes to 
coincide with it, it will be in that Place Two of the 
Clock in the Afternoon, After the ſame Manner, 
if thro' the Poles, and every fifteen Degrees of the 


The Hora. Equator, we conceive Circles to paſs, they are cal- 
ry Circles. jed Horary Circles; and they will divide the Equi- 


4 ( 


noctial into twenty-four equal Parts, and each of 
them in its Order will determine the Hour that is 
to be reckon'd in a Place, when the Plane of a Me 
ridian of that Place comes to coincide with that Cir- 
cle. So, for example, when the Meridian of the 
Place comes to the Circle which makes ſeventy- five 
Degrees with the univerſal Meridian, the Hour then 
counted in that Place will be the fifth from Noon. 
But when the Meridian of the Place makes an An- 
gle of ninety Degrees with the Meridian paſſing thro' 
the Sun, then it will be the fixth hour. But, on 
the other Hand, if we ſhould imagine the Meridian 


of the Place to be ig:moveable, and that a Circle 


paſſing thro*' the Poles and the Sun ſhould, together 
with the Sun, turn round the Axis, as it appears to 
do; when the Plane of this Circle, in which the 
Sun rehides,. coincides with a Circle that makes an 
Angle of fifteen Degrees with'the Meridian of the 
Place Y/#tward, it is then the firſt Hour after Mid- 
day; and the Circle with which the Circle paſſing 
thro* the Sun and Poles does then coincide, is called 
the Circle of the firſt Hour, The next Circle to 
this, which makes an Angle of thirty Degrees with 
the Meridian of the Place, is the Horary Circle for 
Two of the Clock; and that which makes an An- 
gle of forty-five Degrees with the Meridian of the 
Place, is the Horary Circle for Three of the Clock, 


&c 


PlateX VI. Is any Place of the terraqueous Globe, the 


Le LS 


Height of the Pale above the Horizon is equal to the 
Latitude 
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Latitude of the Place. Let the Circle HZ Q be the Lecture 
Meridian, HO the Horizon, EC the Aquator, XVIII. 
Z. the Zenith, and P the Pole: The Elevation of Cs 
the Pole, or its Diſtance from the Herizon, is the 

Arch PO, the Latitude of the Place or its Diſtance 

from the Æquatot is Z E. And becauſe the Arch 

P between the Pole and the Aquator is a Qua- 7 5 Height 
drant, or fourth Part of a Circle, and the Arch % Pole 
20, from the Zenith to the Horizon is likewiſe a fene the 
Quadrant, theſe two Arches Z A and PO muſt be "an — 
equal. Take away the Arch Z P, which is common — the 
to both, and there will remain the Arch Z equal Lafifue of 
to the Arch PO; that is, the Latitude of the Place, he Place. 
is equal to the Altitude or Height of the Pale above | 
the Horizon. 

HE NOE we have a Method of meaſuring the Cir- 

cumference of the whole Earth, and of knowing 
how many Miles it is round the Earth: For if 'we 

o directly Northward till the Pole be elevated one 
Negros higher, and then if we meaſure the Length 
of the Way we have gone Northward, and have the 
Number of Miles it contains, we ſhall have the 
Number of Miles in a Degreesof a great Circle of 
the Earth's Globe; and this Number multiplied 

360, the Degrees in the whole Periphery, it wi 
give the Length of the Circumference of the Earth 

in Miles. By the moſt accurate Obſervations, the 
Length of a Degree is found to be 69 Engliþ Miles, 
which was commonly reputed to be only 60 Miles, * 0 
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LECTURE xxx. 
| of the Doctrine of the Sphere. 


HE Angle contained between the /E- 
& quator and the Horizon, is meaſured 
by the Arch of the Meridian H, 
y which is the Complement- of the La- 
titude to a Quadrant. And therefore 
if that Angle be right, the Latitude of 
the Place will be nothing, or the Place will be in 
the Aquatorz or the Equinoctial Circle will 
thro the Vertex of the Place, and all the Parallels 
of the Aquator will be perpendicular to the Horizon; 
and therefore this Poſition of the Sphere is called a 
Right Poſition, in which all theſe Parallels are cut 
by the Horizes into equal Partions; whence the Stars 
areas long above the Horizon, as they lie hid under 
it: Here likewiſe the Poles lie in the Horizon with- 
aut any Elevation, à is manifeſt by the Figure, 
Where the Point of the /AEquinaCtial is in the 
Vertex, and the Poles Pp, in the Horizon. If we 


PlateXVI go from the Aquator towards either of the Poles, 


Figl5.* 


the Aquator will then appear to depart from the 


ertex or Zenith, and to come nearer to the Hori- 


An oblique zen, making with it an oblique Angle; whence ſuch a 
Sphere ; or Situation is called an oblique Poſition of the Sphere, and 
ex oblique the Pole towards which we move, doth riſe more 
Poſition of and more above the Horizon, the nearer we approach 


1 theSphere. 


Fig. 6. 


itz its Elevation being alway equal to the Latitude 
of the Place, while the other continues as much de- 
preſſed below it. The Figute dves clearly ſhew this 
ſort of Poſition, which we and all that live in the 
temperate Zones obtain, where the Æquator Q 
is biſected by the Horizon, as it is in a right Sphere, 

VV here- 
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Wherefore when the Sun, by his apparent diurnal Lege 


Motion, deſcribes this Circle, it makes the Day 


equal to the Night; but the Parallels of the Æquator. 


in this Oblique ' Poſition, are not cut into two equal 
Parts by the Horizm; but thoſe which are towards 
the elevated Pole, each of them have a greater Por- 
tion above than under the Horizon: And as each Pa- 
rallel is nearer the Pole, ſo much the larger Portion 
of it ſtands above the Horn. But when the Di- 
ſtance of the Parallel from the Pole becomes leſs than 
the Elevation of the Pole, or the Latitude of the 
Place, then that Parallel, and all thoſe included 
within it, ate wholly above the Horizon, no Part of 
them ever fetting under it. The contrary happens 
in the Parallels which lie towards the depreſſed Pole, 
a ſmaller Portion of them being above the Horizen, 
and the greater Part lying under it. And thoſe Pa- 
rallels, which are nearer to the depteſſed Pole than 
the Latitude of the Place, remain perpetually, toge- 
ther with the Stars included within them, under the 
Hirizon, and are never viſible to us. Hence it is 
neceffary, ſince the Sun each Day deſcribes, by his 
apparent diurnal Motion, ſom# Parallels, that from 
the Vernal __—_ to the Summer Solftice, the 
Days growing longer and longer, will be continually 
longer than the Night; after the Solftice, tho“ the 
Days continue till the Autumnal Equinox to be 
longer than the Nights, yet they become ſhorter and 
ſhorter, and at the uinox, they but juſt equal the 
Nights: From thence to the Winter Solftice, the 
Days continually become ſhorter than the Nights, 
and are the ſhorteſt when the Sun is in that Solftice ; 
but as the Sun leaves it, they increaſe again, and in 
the Vernal-Xquinox the Day is as long as the Night. 

In an Oblique 2 the Stars all obliquely rife 
and ſet. And as the Right Aſcenſion of a Star is the 
Arch of the Mquator contained between the firſt of 
Aries, and that Point which comes to the Meridian 
with the Stur, or that Point which in a Right Sphere 
riſes with the Star: So the Oblique Aſcenſion J bs 
| | r 
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Lecture Arch of the Æquator between the firſt of Aries, and 
XIX. that Point of the ÆAquator which riſes together with 
Loyd the Star in an Oblique Sphere, and numbered from 
Weſt to Eaſt, which, according to the Obliquity of 
TheAſcen- the Sphere, is various. The Difference between the 
fional Dif- Right and the Qblique Aſcenſion is called the Aſcen- 
ference. ſional Difference, 

In an Ollique Sphere there is one Parallel as much 
diſtant from the elevated Pole, as the Place is from 
The Circle the Æquator, which is called the Circle of Perpetual 
of Perpe- Apparition, or the biggeſt of all thoſe which conſtantly 
tual Appa- appear; which is ſuch, that all Stars incloſed within 
riuon. it never. either riſe or ſet; though they ſometimes 
riſe higher, ſometimes deſcend lower towards the 
Horizon. Towards the other Pole, there is another 
Circle oppoſite to this, which is the Circle of Perpe- 
tual Occultation, within which all the Stars that are 
contained never riſe, but conſtantly lie hid under 

the Horizon, and fo are not to be ſeen, 
Ir the AÆquator makes no Angle with the Hori- 
zom, but thoſe two Circles coincide; in ſuch a Situa- 
A parallel tion the Pole and Vertex coincide, and all the Pa- 


5 Sphere. rallels of the Æquator become Parallels to the Hori- 


zon; and ſuch a Situation is called a Parallel Sphere, 
Plate x VI in which no fixed Stars do ever riſe or ſet, but turn 
Fig. 7. round in Circles parallel to the Horizon, And when 
the Sun enters the /EquinoCtial, it then glides the 
whole Day along the Horizon, When he riſes to- 
(Wards the elevated Pole, he never ſets, but makes a 
very long Day of ſix Months: But when he goes 
from the Æquinoctial towards the depreſſed Pole, he 
never riſes, and then there is a conſtant Night of 
ſix Months Length. This Poſition of the Sphere be- 
longs* only to them who live at the Pole, if any are 
ſo miſerable as to have ſuch a Place for their Habi- 

tation, | | 
. THe ancient Geographers divided the Earth by 
ns - Climates and Parallels; For they who live under the 
rallels, Æquinoctial, being in a Right Sphere, have their 
* Pays and Nights equal: If we remove from * 

towar 
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towards either Pole, the Days in Summer become Lecture 
longer than the Nights, and the nearer we approach XIX. 
the Pole, the greater is the Difference between Day 


and Night, when the Day is at the longeſt; till we 


come under the Polar Circles, where there is no 


Night at all. Hence the Geographers did ſo divide 
the Earth by ſuch Parallels, as made the longeſt 
Day increaſe by Quarters of an Hour; that is, each 
Parallel was fo far diſtant from the next, that the 
longeſt Day in the more remote from the Equator, 
was a Quarter of an Hour longer than that Day at 
the Parallel nearer to the Equator: And therefore 
reckoning the Equator as the firſt Parallel, the ſe- 
cond Parallel paſſed thro* thoſe Parts of the Eartb, 
where the longeſt Day was twelve Hours and a Quar- 
ter long. Under the third Parallel, the longeſt Day was 
twelve Hours and two Quarters. In the fourth, the 
longeſt Day was twelve Hours and three Quarters, 
Sc. Now two ſuch Parallels made up a Climate, 
which were therefore diſtinguiſhed by the longeſt 
Day, increafing half an Hour from the one to the 
other. Now the Exceſs of the Solftitial Day above 
twelve Hours may grow ſtill” bigger, till we come 
to the Polar Circle, where the Sun not ſetting, 
makes the Day twenty-four Hours long, which is 
greater than the AEquinoQtial Day of twelve Hours 
by twenty-four half Hours, or forty-eight Quarters 
of an Hour, From hence we gather, that the Num- 
ber of Climates between the Equator and Polar 
Circles muſt be twenty-four, and the Number of the 

Parallels forty-eight. 
Becavse the Civil Year of the Ancients did not 
Pace or agree with the apparent annual Motion 


The Rifens 
andSetting 


of the Sun; having the Day of the Month, and the ofebeScars 
| Year when any memorable Action fell out, it could Ceſnical, 
not be from thence immediately known in what Achroni- 
. deaſon of the Year it was done. And therefore, ca/, and 


when the Huſhandmen ſettled the Times for the ſe- 
veral diftin& Parts of their Buſineſs, they could not 
point out that Time by a certain Day of their Ka- 


T5 


Hellacal. 
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lendar ; for the ſame Day of the Month was not ab 
ways in the ſame Seaſon of the Year : But it was ne- 

ary to have more certain Characters and Marks 
to diſtinguiſh Limes; and therefore the Writers of 
Huſbandry, Hiſtorians and Poets, had - recourſe to 
the Riſings and Settings of the tarts, by them to 


mark out the Times. And of theſe Riſings and Set- 


tings they reckoned three Sorts, via, The Co/mical, 
Achronical and Heliacal. A Star is ſaid to riſe or ſer 
Coſmically, which riſes or {ets when the Sun riſes ; ſo 


that a Star which riſes or ſets in the Morning riſes 


or ſets Coſmicallyj. A Star riſes Achrowcally, when it 
riſes while the Sun ſets, that is, in the Evening, when it 
is in Oppoſition to the Sun, and is viſible all Night. 

A Star riſes Hehacally, when after it has been in 
Conjunction with the Sun, and on that Account in- 
viſible, it comes to be at ſuch a Diſtance from him, 


as to be ſeen in the Morning before Sun riſing, when 


the Sun, by his apparent Motion, recedes from the 
Star towards the Ea. But the Heliacal ſetting is 
when the Sam approaches ſo near a Star, that it hides 
it with bis Beams, which keep the fainter Light of 
the Star from being perceived. And therefore the 


 Heliacal riſing and ſetting is rather an Apparition and 
Occultation, than a Riſing and Setting. 


- The inferior Planets, Venus and 


ALL che Stars in the Zodtackh, as likewiſe 
the ſuperior Planets, Jars, Fupiter and Saturn, riſe 
Heliacally in the Morning a little before Sun riſing, 
and a few Days after they have ſet 'Coſmitally ; be- 
cauſe the Sun in his apparent Motion gets 
them, moving faſter Eaſtward : But they ſet Heliacally 
in the Evening a little before their Achruniral ſetting. 
But the An, whoſe Motion Eaftward is always 

uicker than the apparent Motion of the Sum, riſes 
Heliacalh in the Evening, after the new don or the 
Change, when it can be firſt diſcovered at Sur ſet - 
ting; but the Mun ſets #1chiacally in the Morning, 
when the Aan is old and approaching to a Change. 
1 which 


ſometimes ſeem to go Haſliuand from — and 
24 Ome- 
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ſometimes again have a quicker Motion than he Ea, - Lectute 
ward, tiſe Elora in the Morning when they are XIX. 
Retrograde; but when they are direct in their Mo- 
tions, they riſe Heliaculhy in the Evening. 

In. order to obſerve the Altitude of the Sm, or any How to ob- 
$tar, we uſe a moveable JI E AD, with /erve the 
fixed Sights A, B, or a Teleſcope placed along one 4 itude of 
of its Sides, and a plumb Line A C hanging frem nnd 
its Center. The Quadrant being placed in a Verti- 92 
cal Plane, muſt be turned upwards and downwards, 
till the Rays of the Sun, pafſing thro' the Hole of 
the firſt Sight next the Center, fall upon the Hole 
of the other; or till the Suns Image appears in the plate 
Facus of the Teleſcope; and then the Quadrant be- xy1r. 
ing kept in this Poſition, the Plumb Line or Thread, Fig +. 
will ſhew the Arch EC, which meaſures the Alti- 
tude of the Sun. For produce AC to the Zenith 
Z, and let AH be an Horizontal Line. The Angles 
EAB and ZAH are equal, being both Right ; but 
the Angles BAC and ZAS are likewiſe equal, 
they being vertical to on Wherefore taking 
away equal Angles, t will remain the Angle 
EAC equal to the Angle SAM. But the Arch 
EC meaſures the 4 EAC, and the Arch of 


the Vertical between he Sun and the Horizon mea- 
ſures the Angle SAM; and therefore this Arch or 
the Sun's Altitude, and the Arch EC, are fimilar 
or like Arches. But if the Height of a Star be to 
be obſerved, inſtead of the Irradiation of Beams as in 
the Sun, we muſt look thro* both Sights, or the Te- 
leſcope for the Star; and when we can fee it, then | 
the Thread will ſhew the Altitude of the Star. The 9 
Meridian Altitude of the San or Star is known. by | 
obſerving when the Altitude is greateſt ; for then the 
Sun or Star attains his greateſt Height, being then 
in the Meridian, | 

THE A of the Latitude of the Place is Haw to ob- 
the Foundation of all AMronomical Obſervations, with- ere the 
out which.we can know nothing.; and therefore it Latitude 
is firſt accurately to be obtained: And becauſe we 4 Place, 

have 


— ͤ 
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Lecture have ſhewed the Altitude of the Pole to be always e- 
XIX. qual to the Latitude, we can beſt find our Latitude 
| ry orig the Poles Height; but becauſe the Pole 
is only a Mathematical - Point, and no ways to be 
rceived by our Senſes, we cannot find its Height 
y the ſame Method as we did that of the Sun or 
Stars. And therefore we muſt take another Way for 


The Inven- finding it, And firſt we muſt find the Section of the 


tion of the Plane of the Meridian with the Horizm, which Sec- 
Meridian tion is called the Meridian Line. This is obtained 
Line, by erecting a Gnamon or Perpendicular upon the Ho- 
rixon in order to caſt a Shadow; and at the Foot 

of the Gnomon, at that Point which is directly under 

the Top-Point, which caſts the Shadow, there muſt 

be deſcribed a Circle, on whoſe Circumference the 

Shadow of the Top-Point- may fall before Mid-day ; 

and that Point of the Circumference where the Sha- 

dow comes, mult be carefully marked. Again, after 

Mid-day obſerve the Point where the Shadow corhes 

again to the ſame. Circumference; and let the Arch 
between the two Points of the Shadow be biſected, 

or cut into _—_ Line drawn from the 

Center to the, Poigit of Bile&ion-will be the Meri- 

dian Line: Fot the Sun beſore and after Mid-day 

being equally high, is equally. diſtant from the Me- 

ridian, or is in two Vertic Circles, which make 
on each Side equal Angles with it. Place therefore 
the Quadrant on the Meridian Line, fo that its Plane 
may be in the Plane of the Meridian; and then take 
ſome Star near the Pole, which never ſets, and obſerve 
both its greateſt and leaſt Altitude, Let then the greateſt 

Plate be SO, and the leaſt O; the Difference of their Al- 
XVII. titudes is the: Arch 38, the half of which PS or Ps, 
Fig. 2. deducted from the greateſt Altitude SO, or added to 
the leaſt O, will give PO the Altitude of the Pole 

above the Horizon, which is equal to the Latitude of 

. the Place. If the Declination of the Sun be known, 
i we may find out the Latitude 6f the Place in this Man- 
ner: Obſerve the Meridian Diftance of the Sun from 

© theVertexor Zenith, which is always the Complement 


— 
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of his Altitude; and add to this the Sun's Declina- Lecture 
tion, When the Place and he are on the ſame Side of XIX. 
the Æquator; or ſubtra the Declination when they wwy—d 
ate on different Sides, the Sum or Difference, is al- 
ways equal to the Latitude: But when the Decli- 
nation of the Sun is greater than the Latitude of the 
Place, which is known from the Sun's being nearer 
to the elevated Pole than the Vertex of the Place is, 
as it will often happen in the torrid Zone; then the 
Difference between the Suns Declination and the 
Suns Zenith Diſtance is the Place's Latitude. 

Having once found out the Latitude of the Hnmw toob- 
Place, the Obliquity of the Ecliptick, or its Incli- /erve the 
nation to the Equator ib eaſily obtained, hy obſerv- bliquity 

ing about the Summer Solſtice the Sun's leaſt ,Di- of the E- 
ſtance from the Vertex: If this Diſtance be ſub - */:ic# 
tracted from the Latitude of the Place, when the 
Place is nearet to the Pole than the Sun is, the Re- 
mainder will ſhew the greateſt Declination of the 
Sun, which is equal to the Obliquity of the Ecliptiok. 
Moſt Aſtronomers make the. greateſt Declination of 
the Sun, or the Obliquity of the Ecliptick to be 
231 Degrees; but the more accurate Obſervations 
of " r Aſtronomers ſhe w it to be one Mi- : 
nute leis. Land n N na 
By the fame Method the Declination of the Fun How 1 
for any Day, or that of a Star may be taken J for fd. 
when the Sun or Star is nearer to the Æquator than clinationf 
the Place, take the Difference between the Latitude 1he Sur er 
of the Place and the Meridional Diſtance of the Sun Star. 
or Star from the Vertex, and we ſhall have the De- 
clination: But if the * of the Place lie between 


the Sun or Sar. and the Æquator, then the Sum of 
theſe two Quaatities is the Declination. 8 
HAviNG the Declination of the Sun, it is eaſy to Ts find the 
find his right Aſcenſion and Place in the Ecliptick, Sun's right 
by the Solution, of a right angled ſpherical Triangle, 4/cenfion. 
or let be the Ee aber, AC the Ecliptick,,Þ late 
S the Sun; from which let fall on the Equator a XVII. 
Circle of Declination SD, and then the Arch SD Fig 3. 
ok ugg Q will 
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Lecture will be the Sun's Declination. And therefore in the 
XIX. rigbt-angled Triangle SD we have 8 D and the 
— Angle E: We can therefore from thence find, by 
ſpherical Trigonometry, the Arch AED, which is the 
right Aſcenſion of the Sun, and AS, which gives 
his Place in the Ecliptick ; and likewiſe the Angle 
-£$SD, the Inclination of the Circle of Declina- 
tion, or of the Meridian with the Ecliptick. So 
likewiſe in the righzan led Triangle ES D, if we 
have the Side ＋ B, which is the right Aſcenſion, 
the Angle ZE being conſtant and known, we may 
eaſily find the Side 8 D, which is the Declination of 
the Point of the Ecliptick 8, which comes to the 
Meridian together with D, and: is then, called the 
Medium Cœli, or Mid- heaven; as alſo the Angle 
sb the Inclination of the Meridian to the Eclip- 
tick. Or laſtly, if ES the Longitude of the Point 
8 be known, we can from it find its right Aſcenſion. 
and Declination, together with the Angle DSC, of 
the Ecliptick and Meridian. 2 — 
The ad- Ix the Declination of the Jus, by the Method we 
parent Ma- have ſhewed, be daily obſerved, we can from thence 
tion of * collect the apparent Motion of the Sun in the Eclip- 
Sun # 1-* tick, which is always equal to the Motion the Earth 
_ eg. Feally has in the fame Time. Now, by Obſerva- 
Ble, tion, we find that the dun does not move equably, or 
always with the ſame Velocity in the Ecliptick: And 
therefore the. real Motion bf the Earth muſt be un- 
equal, and hot conſtantly the ſame; in the Summer 
Solftices the Earth has a flower. Motion, in the Win- 
ter Time it moves quicker: And this happens, be- 
cauſe the Earth by its real Motion Is carried in the 
Perimeter of an Ellipſe, which has the Sim in one 
of its Fei; round which it revolves in ſuch a Man- 
ner, that a Line drawn from the Sun to the Earth, 

and by an angular Motion carrying the Zarih alon 
with it, doth always fweep or. deſcribe Elliptic 
Areas or Spaces. F the Times in which 


1 


they are deſcribe 


P 1 - * - 4 
„ * . . : ; 
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3 


- 
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Aſcenſion of the San and Stays; which Difference, be- 
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Havin'g the Place of the Sun in the Ecliptick, Lecture 
by the Help of it, and a good Pendulum Clock, we XIX. 
find the right Aſcenſions of all the Stars + For 
which Purpoſe the Motion of the Clock muſt be fo To fnd the 
adjuſted, thut the Hand run thre? the twenty- 7124: % 
four Hours in the Time thata Sta leaving the Me- % ge of | 
ridian will arrive at it again; which Time' is ſonie- — 
what ſhorter than the natural Day, beczuſe of the 
Space the dun moves thro' in the mean Time E- 
ward, The Clock 5 Ara adjuſted, wien the 
Sum is in the Meridian, fix the Hand to the Point, 
from whence we are to begin to reckon our Time; 
and then obſerve when the rar comes to the Meri- 
dian, and mark the Hour and Minute that the Hand 
then ſnews: The Hours and Minutes deſeribꝰd by the 
Index, turn d into De and Minutes of the - 
quator, will give the Difference between the right 


ing added to the right Aſcenſion of the Sun, will give 
the right Aſcenſion of the Star. Now if we know 
che right Aſcenſion of any one Stur, we may from it 
find the right Aſcenſions of all the others which wo 
fee, by marking the Time upon the Clock between 
the Arrival of the Star, whoſe right Aſcenſion we 
know, to the Meridian, and another Star, whoſe Aſ- 
cenſion is to be found. This Time converted into 
Hours and Minutes of the Aquator, will give the 
Difference of right. Aſcenfions; from ce, by, 
Addition; we collect the right Aſcenſion of the Star, 
which was to be found out. 
Bu r by 


cut one another at right Angles, 
EF, Gti make half-right' Angles with the former 7 4 
two, at their common Interſection O: Then the % 7 
Teleſcope is to be directed to a Star, whoſe right 
Aſcenſion and Dieelination ate known, - + 
Q 2 AND 
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Ass then the Teleſcope is to be conſtantly turned 


XIX. - till the Star be ſeen in the Line A B, ſo as its appa- 
tent diurnal Motion may be along that Line; in 


which Poſition. the right Line AE will repreſent a 
Portion of that parallel Circle the Star deſcribes, it 
being in a Parallel to its Plane: And becauſe the 
Line CD euts it at rigbt Angles, it will repreſent 
ſome horary Circle. Fix then the Teleſcope ey 
firm in this Situation, and mark the Time accord- 
ing to the Clock, when the Star, whoſe Aſcenſion is 
known, comes to the Line CD. Then again, ob- 
ſerve any other Star with the Teleſcope, which will 
appear to move in ſome Line LK that is parallel. 
to AB; and mark likewiſe the Time when it comes 
to the horary Circle C Dia Q. Tbe Difference of 
Times, between the Arrival of the firſt Star to the 
horary Circle, and the coming of this laſt to the 
ſame, converted into Degrees and Minutes of the 
Aquator, will give the Difference of their right A- 
ſcenſions: And therefore if the right Aſcenſion of 
one of them be found, we may from thence collect 
the right Aſcenſion of the other. 

Bec Aus the Angtes QH O and 'QOH are equal 
being each half a Right, QH will be equal to QO. 
Now.,if we mark the Time between the coming to 
the Thread OH, and its touching the Thread OQ, 
we ſhall have the Time the Star takes to-: deſcribe 
the Portion QH of the Parallel. This Lime being 
turn'd into Degrees and Minutes, will give the Num- 
ber of Degrees and Minutes of the Portion Q H, 
But the Arch of the horary great Circle is equal to 


"this Arch QH., Now in unequal Circles the De- 


grees and Minutes that equal Arches contain are re- 
ciprocally as the Radii or Semidiameters of the Circles, 
as we (ball ſhew hereafter. As the Radius therefore 


of the great Circle is to the Radius of the Parallel 


LK (which does not ſenſibly differ from the Radius 
of the known Parallel AB) that is, as the Radius is 
to the Sine of the Stars Diſtance from the Pole, ſo 
are the Number of Degrees and Minutes in the Arch 
HQ of the Parallel, to the ber of Degrees and 


2 Minutes 


„ „ ee e A 

Minutes in the Arch OQ of the great Circle; which Lecture 
therefore will be known by the Rule of Proportion. XIX. 
But QO is the Difference of the Declination of tho 
Star which deſcribes the Parallel AB, and of that 
which deſcribes the Parallel LK; therefore from the 
Declination of one of theſe Stars being known, we 
can find the Declination of the other. And by this 
Method the right Aſcenſions and Declinations of 
moſt Stars may be abſerved. | 8 

Tu Ar in unequal Circles the Numbers of ſimi - 
lar Parts, as Degrees and Minutes, that ate in Arches 
equal in Bigneſs, are reciprocal to the Radii of the 
Circles, may be thus demonſtrated. Imagine two 
unequal Circles, whoſe Center is C, and in them 
| equal Arches BE, AF: Draw from the Center 
CB, CE, cutting from the leſſer Circle the Arch Plate 
AD. The Arches AD and BE will contain equal x VII 
Numbers of Degrees and Minutes; and becauſe AF pig 5, 
and BE are equal, AD will be to AFas AD is to 
BE. But AD is to BE as CA is to OB; there- 
fore AD will be to AF as CA iz to CB, But 
AD is to AF as the Number of Degrees and Mi- 
nutes in AD or in BE is to the Number of De- 
grees and Minutes in AF. Whereſote the Number 
of Degrees and Minutes in BE is to the Number 
of Degrees and Minutes in AF, as CA is to CB; 
or in a reciprocal Proportion of the Radii of the 5 
Circles. Which was to be demonſtrated. 

HAviNG the right Aſcenſion and Declination of 
x Star, ity Langitade and Latitude may bg-found e, 
out by the Solution of à ſpherical Triangle. For ima- 4/cen/jronef 
gine BPQ. to paſs through the, Poles of the AEqua- 4 Star, and 
tor and Ectiptick ; this Circle is the. Salſtitial Colare. its Decli- 
Let EQ be the Equincctial, EC the Ecliptick, nation, to 
whoſe Section with the Equinoctial is V, and let 8/4 irs 
be a Star, through which paſſes the Circle of De- Longitude 
elination PSF, cutting the EquinoQial at F: The 24 Lati- 
Arch VF is the right Aſcenſion of the Star, and — 
SF its Declination. Draw through the Pole of the XVII 
Ecliptick B and the Star the Circle of Latitude 


Q3 BSQ, Fig. 6. 


Having 
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ure BSO, meeting with the Exliptick in O: Then Y 
XIX O will be the itude of the Star, and 80 its 
Latitude. In the ſpherical Triangle BSP, we bave 
the Side P'S, which is the Complement Fi the De- 
clination, and the Side BP, which is equal to the 
Arch that meaſures the Inclination of the Æquator 
and the Ecliptick: Beſides which, we bave the Angle 
which is meaſured by the Arch FQ the Comple- 
ment of the right Afcenfion ; and therefore we av 
the Angle thr its Complement to two right A 
And therefore in the Triangle 'BPS, having / con 
of its conſtituent Parts, we may find firſt the” Angle 
PBS, whoſe Meafare is the Arch OC, and its 


Complement to'a Quadrant is the Arch Y ©, which 
is the DAY the Star. We can likewiſe, 


from the fame Things given, find ye Arch BS, 
whoſe Complement T's Quadrant is 80, the Got 
tude of the Star. After the fame Method, if the 
Longitude and Latitude of a Star be known, we may 
from thence find its > right Aſcenſion and Declination, 
The Lengi- By comparing the Places of the fixed Stars, as 
tudes of the they were delivered to us by the Antients, with what 
fixed Stars they now obtain, Wwe find that their Latitudes are 
continually much the ſame they were formerly; but their Longi- 
e tudes or Diſtances from the fi of Y have been 
abr ©, found to increaſe | continually : Not that the Star: 
a have a real progreſſive Motion; but becauſe the E- 
ths ſaiae. inoctial Points have a Motion 2 and the 
——— are computed from them, The Longi- 
tude of any fixed Star obſerved by the antient Altre. 
nomers, compared with the Longitude it has at pre · 
ſent, ſhews the Qu Quanti of this l of the E- 
1 Points by bode © Degree in 92 Years, 
75 — 2 N , the itudes 
and Latitudes of i Starr are found, an 
and their Placts, e 14. Catalogue; w eck 
being once eſtabliſhẽd, the Places of the Planets and 
Comets are eaſil known by Obſervation and Com- 
putation, For if the Diſtances of any Plags or Co- 
met from two fixed Stars of known Lega and 


atitude, 
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Latitude, be taken by Obſervation, we may by that Lecture 
Means determine the — and Latitude of the XIX. 
Planet or Comet in the following Manner! 
Leer EF be a Portion of Ecliptick, whoſe Plate 
Pole is B; and let A and C be two Stars, whoſe XVII. 
Longitudes and Latitudes ＋ known, and Pa Pla- Fig · 7+ 
net, whoſe Diſtances from the fame Stars ate known 
by Obſervation. In the Triangle ABC, havin 
AB and- CB the Complements of t Lund of 
the two Stars, and the Angle ABC, whoſe Mea- 
ſure is the Arch EF, the Difference of Longitude 
of the two Stars; from thence we may find AC 
the Diſtance of the Stars, and the Angle BCA. 
Again, in the Triangle APC we have all the Sides 
from which we may find the Angle PCA; which 
ung, ſubtracted from BCA, will leave the Angle 
BCP. Laſtly, in the Triangle BCP, we have 

the Sides BC, CP, and the Angle PCB; from 
which we can find the Angle PBC, whoſe Meaſure 
is OF the Difference of Longitude of the Star C 
and the Planet. We can alſo find the Arch PB the 
Complement. of the Latitude of the Planet. 

AFTER the ſame Method, Yif we have the Di- 

ſtances of a Planet from two fixed Stars, whoſe. right 
Aſcenſions and Declinations are known, we may 

find out the right Aſcenſion and Declination of that 


Planet, 
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err. 


Of the Twilight, and the Refraction of 
Rowe {be Sia. 
EslpEs other innumerable Conve- 
15 "RO niencies which we receive from the 
| ws | Atmoſphere, we have this great Ad- 
vantage, that while the Sun ſhines, 
it makes the Face of 'the Heayens or 
Firmament to appear lucid and bright; 
for if no Atmoſpbere ſurrounded and involved the 
Earth, only that Part of the Heavens would appear 
to ſhine in which the Sun was placed; And a Specta- 
tor, if he ſhould turn his Back to the Sun, would 
immediately perceive it as dark as Night; and even 
in the-Day-time, while the dun ſhined, the leaſt Stars 
would be ſeen ſhining, as they do 'now in the clear- 
eſt Night; ſince in that Cafe there would be no 
Subſtance to reflect the Rays of the Sun to our Eyes, 
and all the Rays which do not fall upon the Sur- 
face of the Earth, paſſing by us, would either illu- 
minate the Planets and Stars, or ſpreading themſelves 
out into infinite Space, would never be reflected 
hack to us, CY ants © he” 4 
Burr ſince there is an Atm 


maſpbers covering the 
Earth, which is ſtrongly illuminated by the Sun, it 
reflects the Light back upog us, and makes the 
whole Heavens to ſhine; and that fo ſtrongly, that 
þy reaſon of its Splendor, it obfcures the faint Light 
of the Start, and renders them inviſible. 
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IF there was no Atmeſphere, the Sun immediately Lecture 
before his ſetting, would ſhine as briſkly as at Noon; XX. 
but in a Moment, as ſoon as he is ſet, We ſhould wry 


have the Face of the Earth in as great Darkneſs as 


it would be at Midnight: So quick a Change, and ſo 75% Cauſe _ 


ſudden a paſſing from the greateſt Light to the great - of the Cre- 
eſt Darkneſs, would be very inconvenient to the Inha· puſcles. 


bitants of the Eareb, But by means of the Atmo- 
ſphere it happens, that tho! after Sun-ſetting we re- 


ceive no direct Light from the Sun, yet we enjoy its 


reflected Light for ſome Time; ſo that the Dark-. 


neſs of the Night comes not ſuddenly, but hy De- 
grees. For after the Earth by its Revolution round 
its Axis has withdrawn us from the Sight of the Sun; 
the Atmoſphere which is higher than we are, will till 
be illuminated by the Sun; ſo that 'for a while the 
whole Heavens will have ſome of his Light imparted 
to it. But as the Sun goes ſtill lower under the Ho- 
rizon, the leſs is the Air illuſtrated by him: So that 
when he is gat as far as 18 Degrees lower than the 
Horizon, he no longer enlightens our Atmoſphere, and 
on all that Part thereof that is over us becomes 
So likewiſe in the Morning, * ſoon as the Sun 
comes within 18 Degrees of the Horizon, be begins 


again to enlighten the Atmoſphere, and to diffuſe his 


Light through the Heavens: So that its Brightneſs 
does ſtill increaſe, till the Sus riſes and makes full 
Day. This ſmall Illumination of the — 
and State of the Heavens between Day and Night, 
is what we call the Twilight, which is obſerved in 


the Morning before the Sun's riſing, and at Night 


after his ſetting; in Latin it is named Crepuſculum. 
To make this plainer, imagine the Circle ADE 

on the Surface of the Earth, in the Plane of the 

vertical Circle in which the Sun is when under the 


Horizon, Let there likewiſe be another concentri- Plate 
cal Circle CBM in the ſame Plane, including that xVIII. 


Portion of the Air that reflects the Sun's Beams: 
And ſuppoſe the Eye to be on the Earth's Surface 
| - at 


Fig. 1. 
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Lee at A, whoſe ſenſible Horizoh is AN. Since no 
X Line can be drawn to A between the Tangent AN 
ad the Periphe 


ty AD, by the 16th of the 757d 
Blementy i de plains, that when the Sun is under the 


Horinon, no direct Nays can come to the Eye at A: 


Hut the 8% being in the Line CG, a Line may be 


-  didwn- from bim to C, lo that the Particles C 


# 4 1 
18 


de the firſt Ray 


be illuminated by the direct Rays of the dun; whic 

Partioles may reflect thoſe Rays to A, where they 
may enter che Eye of the SpeAator: And by this 
Means the Beams of the Sus Light illuminating an 
innumerable Multitude of Particles, may by them 
be reflected to the Spectator in A. Let the Tangent 
AB meet with the Surface of the Orb of Air that 
reflects the Light in B; and from B draw BD, 
touching the Circle ADL in D, and let the Sun 


de in tlie Line B Dat 8: Then the Ray SB will 


be. tefleRad into B A, and will enter the Eye, be- 


cauſe of the Angle of Incidence DB E being equal 


to the Angle of Reflection AB E: And that will 


chat reacheth the Eye in the Morn- 
ing, and then the Dawning- begins 3 or the laſt 
which falls upon the Eye at Night, when the Twr- 


iht ends, For When the Sun goes lower down, the 


Paurticles at B can be no longer illuminated. 


Another 


Tur Reflection of the Atmoſphere does not 


Cauſeof ſeem to be the only Cauſe of the Twilight ; but 


th Twi- there is an Echerial Air, or 


bre, 


| e, likewiſe. 
round the Sun, which' fhines' after the Body of the 

Sun is ſee; This Orb of the San's Atmoſphere ri- 
fing Honor, and ſetting later than the Sun itſelf, 
- ſhines out at Mornings and Nights in a circular 


Figure, it being a Segment of the Swi's Atmoſphere 


cut by the Horizon; and its Light is quite of 
another Sort, than that which is made by the Re- 


flection of our Atmoſphere. Hut the Duration of 


the | Tw#light that griſes froth the Sxn's Atmoſphere, 


is ſhotter much than "that made by the R ton of 


the Farms Almiſphire, which does not end till 
the Sun comes to be 18 Degrees below the Hori- 


— 


Zon, 
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zen, or thereabouts. But there can be r 


Bounds fixed for the Beginnings and Endin 
Twilights; for their Lengths depend on the 
of Matter in the Air — is — reflect Light, 


— — 


and on the Height of the Atmoſphere. In the Winter The Twi. 
the Air, being condenſed by the Cold, is low 3 2 
on that Account the Twilights are ſooner over. In/borter in 
the Summer the Air.is rarified by Heat, and therefore Pinter 
being higher, remains longer illuminated by the Sw, 4 than in 


ſo that the Twilights laſt the longer: Alſo: the Du- 


ration of the Tunlight is ſhorter in the Morning than 


at Night. We — reckon that the Twilight 
begins or ends, when in the Morning the Stars of 
the ſixth Magnitude diſappear, or in the Evening 
when they firſt come to be ſeen ; the of the 
Air — that rendring them inviſible,  Ricrielus 
obſerved at Bononia,' that the Morning © Twilight, 
about the Time of the Equinexes, laſted an Hour 
and 47 Minutes; but in the Evening two Hours, 
and 44 not end till the Sum was 20 under 
the Horizon: But in Summer the Morning © Twilight 
was three Hours and 40 Minutes long; n 
ing Twilight ſcarcely ending till Midnight. 
Hance if we have the Time of Beginning 


Summer, 


of The Height 


the Twilight in the Morning, or re or of it at of the At- 
Night, we may find: the 2 tho Air that re- moſphere 


the Li nM for then the Twilight ends, when 


. 


a Ray of Lig the from the dum touches the Globe of 7 4 


the Earth, — is 
Eyes: — ime, we can find the De- 
preſſion of the 2 * below the Horizon, and from 
— — of the Air. For let SB be a 
ht — the Earth, which is reflected 
— of Air in its hi igheſt Region, in the Ho- 
rizontal. Line AB; the — 8B N is the Meaſure 
of the Depreſſion of the d below the: Horizon: 
And becauſe; AB is alſo a Tangent, the Angle AED 
at the Center is equal to the Angle 8 BN; and its 
Hall, that is, the Angle AE B is equal to half 8 BN, 
of half the Depreſſion of the dun. Suppoſe the De- 


preſſion 


. 2 Air refle&tod/to Oury rgfin 


of tbe 
Twilight; 
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Lefture- prefiion of the Sun, at the Beginning or End of Twi- 
XX: © light, be 18 Degrees; then the Angle A EB will be 
9 Degrees, which would be true, did the Ray SB 
0+, paſs thro! the, Atmoſphere without Refraction: Bur be- 
ccauſe it is refrated and bent towards H, we muſt di- 
miniſh the Angle AEB by a Quantity equal to the 
Horizontal Refraction, which is above half 4. Degree: 
1 And therefore the true Meaſure of the Angle AEB 
- is 8x Degrees. Moreover, A E is to BH as the Ra- 
dius is to the Exceſs! of the Secant of the Angle 
AEB above the Radius, that is, as 106000 is to 
1110. Therefore if the-Semidiameter of the Earth 
be in raund Numbers 4000 Miles, BH the Height 
of the Atmoſphere, which reflects the Sun's Rays, will 
be about 44 Miles; for as 100000-is to 1110, fo is 
4000 to 44,5 iger n 1 & | 
Under the , IN a tight Poſition of the Sphere the Twilights are 
Equator quickly over; becauſe the im deſcends conſtantly 
the Time * nearer in a Perpendicular ;' but in an oblique Sphere 
of the they laſt longer, the Sun deſcending obliquely ; and 
Twilight the more oblique the Sphere is, that is, the greater 
is fort. the Latitude of the Place is, ſo much the longer laſt 
the Twilig his So that all they who are in above 48 
Degrees Latitude, in the Summer, near the Solſtices, 
have their Atmoſphere illuminated the whole Night, 
and the Twilight laſts till the Sun+rifing, without any 
compleat Darkness 
Under the Ix a Parallel Sphere the Twilight laſts for ſeveral 
| 2 Months, ſo that the Inhabitants have either the di- 
off ſome we or teten Light af che Sun for almoſt all the 
: 5 Y ear. kr: r I + Bo? ks pts fn” [Y 47. 1 
The Crcle It below; the Horizon yon conceive a Circle to be 
termiva- drawn parallel to. the. Horizon, and at a Diſtance 
ring Twi from it, equal to the Depreſſiom of the Stun at the 
ligt. End of the Twilight: This leſſer Circle is called the 
Circle which terminates the T'wilights; for whenever 


the Sun by its apparent diurnal Motion reaches this 


Parallel, the Morning Twiligbs begins, or the Even- 
ing ends, in whatever Patalleb of the Equator the 
Sur is | els Jo 10; 904" 0 1 

1" | Is 
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Is the Figure let HO be the Horizon, 'V. #/X Lecture 
the. Circle parallel to it, terminating the Twilight, X. 
the Circle HZO the Meridian, AQ the Æquato r... 
It is manifeſt that the more oblique the Æquator is to The Arche 
the Horizon, fo much the greater are the Arches of Je Cre- 
the Equator and its Parallels, intercepted berweers the pee on. 
Horizon and the terminating Circle VK. Tbe T iight. 
Arches QR, da, C G, K, are called the 
Arches of the Ttilighti, becauſe they determine their 
Duration: And as each Arch EG leſs Plate 
Proportion to its Circle, fo will the Tuillgür, when XVIII. 
the San is in that Parallel, He longer or ſhorter, © In Fig. 2. 
the Circle bounding the Cr-puſcles take any Point a, 
thro* which paſſes a Parallel to the Æquator d n; and 
thro” 4 imagine a great Circle to be drawn as MA N, 
touching the Cirele of perpetual Apparitioni: And 
ſince the Horizon likewiſe touches the ſame Circle, 
theſe two Circles will make equal Angles with the 
Aquator and its Parallels; for the Meaſure of each 
Angle is the Diſtance of the Parallel from its great 
Circle So likewiſe all the Arches of the Æquator 
and its Parallels, between the Horizon and the Circle 
Ma N ate familar, by Prop. 13. II. Theedofius's 
Sphericks. This Circle Ma. N will either cut the 
bounding Circle V X in two Points, or touch it 
in one. Let it firſt cut it in two Points a and 5 
and therefore the Arches of the Parallel 4 4, G : 
are ſimilar: W herefore when the Sun by its diürnal 
Motion deſcribes theſe two Parallels, the (Twoilightt r 
are equal; but while he deſeribes any intermediate FR 
Parallel as. Ce, the Time of the Twitzeht: is-{borter 3 
for in this Caſe Cm the chef Tunlig ht is leſs than 
Ce, which is ſimilar to the Arch da or G, and 
Ce and d are deſcribed} by the Sun in equal Times. 
But when the Sun is in; Parallels that are at a greater 
Diſtance from. te Æquator than G b, the Twitights 
laſt longer; for the Twilight Arch IK is greater 
than A, which is deſcribed by the Sun in the fame 
Time as the Arch of the Crepiſcle G . 
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ASTRONOMICAL, 
Wu che Sun is in Parallels that are towards 
the elevated Pole, the: Twwilights do grow 

ger, according as thoſe Parallelsapproach the Poles: 


The diffe- For the Twilight- Arch op is longer in being deſcribed 


rent Du- 
ration of 
thi 
lights. 


than Q, and V U the — way is longer than op. 

Bur if the Sun deſcribe the Parallel 8 t it never will 
meet with the bounding Circle; and then the Twi- 
light aſfts.the whole N St long, | 
HzNC ariſes a great — betwors the 1 
creaſe: of the Twilight and its Decreaſe, and the In- 
creaſe and Decreaſe of Days and Nights. For while 


the Sun moves from the Beginning of & to the firſt 


jf the Sun (ſhould 


of Capricorn, all that Lime the Days conſtantiy de- 
creaſe, and the Nights increaſe: * the Twilight 
it is otherwiſe z for though the Twilight and Days 
are at the longeſt when — io lathe firſt Degree 

of B,/and:then' they both decreaſe together; yet the 
Times of Twilight do not-continually decreaſe till the 
Fun comes to W, but there is a- certain Point be- 
eween m and , to which when the Sun arrives, 


we have the ſhorteſt Twilight.” From thence the 


Twilight will to increaſe- a 
be no Arch of till 


Sun is in the quatot, 


and there will 

„ſimilar to that when the 
\ before he reaches : And 
£o further South. even beyond the 


Tropick, the Twil/;ghtz would ftill increaſe, although 


the Days decreaſed. And although the Days from 
the Beginning of the Sams Entry into Vf do con- 
ftantly increaſe, yet the Tiwilights grow ſhorter till 
the Jun comes to a Point between W and F, in 
which again we have the ſhorteſt Tw:l7ght + This ap- 
pears plain by what nate here to demonſtrate in 
the next Place. 

- 2uly, Lr the Oele MN touch the bound- 
ing Circle in one Point, which ſuppoſe' ts be a, 
through which draw the Parallel to the Equator 
da; I ſay, that when the Sum is in this Parallel, 
the. Twilicht will be the ſhorteſt of all. For becauſe 
the Arches of the: Parallels intercepted between 


ns e and the Circle M N are all ſimilar, 


hey 
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they will be deſcribed by the Sum in equal Times: 
ay becauſe the Twilight Arches ce and. g are 
greater than em or g, the Sun will be longer in 
moving. through the Arch ce than cm, and ag | 
the Arch gh than gi; that is longer than in de- on 
ſcribin — Arch da, which Arch therefore oY 
ſhorteſt Twilight, ,  . - An 
Tae Diſtance of that Parallel from the l T= 
in in whigh.t is the.th 1 Twilight, is thus in veſtigated, ef che 
Becauſe the C and the Horizon H Orte, 
touch the ſame Parallel, which is dhe. Circle of per · Twilight 
petual Apparition, they will both be equally inclined 2 
to the ator: And therefore the Angle 2 I of © 
ha 7 and the Circle M My is equal to the 
Io, of the Aquator, and the Hoxigen, 
The Zenith Z. and. the Point a, draw the 
vertical F Cir, Z a, cutting the. in the 
Point T. The. Spherical, Triangles an T, LQ. 
are mutually, equiangular to each; other, becauſe. the 
Arg # — are . and. me hays: — 


— 


85 Kae to Fas - — meaſures the. 
mplement of. the. E of the. Placen where- 
fore wWe can find QY, » and Qs, which is equal to. 
it. From the Point 4 toy the Æquator dram tb 

Circle. of Declination 4 F; and in dhe Spherical Tri- 

angle 4 T we haye 4 and the Angle Q, by 
which we can find the Arch d F, the Declinaygn of 
the Parallel of the leaſt . . _ e 
which was to be found. 


rn. 


ur 
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Legure | Tris Priblem might have been ſolved by one ſingle 

XX. Analogy. For in the Triangle TQY, the Radius: 

Cay Tang, TV. Coctang. Q; Sin. QY or to the Sin; 

The ſame of d Bot the Sin. of Q: Co-ſin. of Q;: Rad.: 

Problem Co tang. Q. Therefore By: the Rules of the 5½ 

ſelved by Element, the Rad. multiphied by the Sin, of 

fingle Ana- will be to the Tang. of TV into the Co- ſin. of Q; 

40. gas the Radius is to the Sin of Q! But in the right- 

angled —— Q4F; Radius is to the Sine of Q 

as the Sine of the Angle Q to the Sine 4 F; where- 

fore Rad. * Sine Q will be to Tang. of TY x Co- 

fin of Q, as the Sine of 'Q to Sine of dF; and 

thence, e #9que, it will be as Radius to Tang. of TY, 

ſo Co-ſine of Qor the Sine of the Latitude, to the 

Sine of the Diſtance of the Parallel from the Æqua- 

tor. Having the Declination of the Sun, the Time 

of che Beginning of the Morning Twilight, which 

we tall Break of Day, the End of the Evening 

The Dura- Twoilight, is thus to be found. Let op be the Pa- 

tion of rallel ef the Sun, meeting with the bounding Circle 

Twilight in{p;- and draw through the Pole the Circle of De- 

determined. omen In the Spherical Triangle PZ p we 

have all the Sides, ſor Z P is the Complement of the 
Latitude, Pp the Complement of the 'Sun's Decli- 

nation, and Z 9 equal to the Sum of a Quadrant; 

and the Diſtance of the bounding Circle trom the 

Horigon= Z1-4+4p, From which we can find the 

Angle Z Pp, and its Complement” to two Rights 

PPV: And the Arch of the Equator,” meaſuring 

this Angle, being converted into Time, will ſhew 

the Beginning or End of Twilight. 4 ee 

R-frafti THE TERRESTRIAL ATMOSPHERE, 

by the At- by reſtecting the Sun's Beams, not only produces the 

moſphere. Morning and Evening Twilight, but it alſo bends and 

refracts the Rays of the dun, and all the Start which 

fall on it, and changes their Directions by propagating 

the Light in other Lines, making the apparent Places 
of the Stars different from their true Places. 

By manifeld Experiments, we find that the 

Rays of a luminous Body, even of any vifible — 

5 ject, 
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ject, when they fall upon a Medium or Diaphanous Lecture 

Body, as Air or Water, of a different Denſity from XX. 
that from whence they firſt proceeded, do not after. 
wards go directly in the ſame ſtrait Lines, but are 
broken or bended, and. propagated as if they had pro- 
ceeded from another Point than they really did. And 
if the Medium on which the Rays fall be denſer than 
the firſt, they are bent towards a Line perpendicular 
to that 5 whereon they fall, at the Point of 
Incidence; but if it- be a Rarer Medium, in their 
bending they recede from the Perpendicular, 

WVꝭ obſerve in Nature many Effects of Refraction. Various 
A Staff, whoſe one Part is immerged in Water and Efes of 
the other in the Air, appears broken; and that Part Refrac- 
which is in Water appears higher than it really is. #9. 
All the Stars by Refraftion appear higher or nearer 
to our Vertex than they would be, were there no 
Air; ſo that the Light might arrive to us without 
Refraction. ; 

LET ZV be a Quadrant of a Vertical Circle in plate 
the Heavens, deſcribed from the Center of the Earth XVIII. 
T; under which is AB, a Quadrant of a Circle on Fig. 4. 
the Surface of the Earth, and GH a Quadrant on 
the Surface of the Atmoſphere: And let S be any Star 
from which proceeds the Beam of Light S E, falling 
on the Surface of the Air in E. Now, ſince this 
Ray comes from the Etherial Air much rarer than 
ours, or rather from a perfect Void, and falls on our 
Atmoſphere, which is denſe in Compariſon of it; in 
E it will be refracted towards the Perpendicular : 

And becauſe the upper Air is rarer than that which 

is nearer the Earth, and grows ftill denſer the nearer 

it is to us, this Ray of Light, as it proceeds, will 
conſtantly be refracted and bended ; fo that it will 

arrive at our Eye in the curve Line EA : Suppoſe 

the right Line AF to touch this Circle in A; ac- 

cording to the Direction AF, the Ray of Light will 

enter the Eye at A. And becauſe all Objects are 

ſeen in the Line according to whoſe Direction the 

Rays enter the Eye, and vg upon the Senſarium, 
| q the 
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Lecture the Object will appear in the Line AF, that is, in 
XX. the Heavens at Q; which is nearer to our Vertex 
hon than the Star really is. And it may even happen, 
that a Star which is below the Horizon may be ſeen 
ByRefrac- above it. This Refraction is alſo the Cauſe why the 
tion an E- two great Luminaries the Sun and Mom, when one 
cligſe of of them is above the Horizon and the other below 
the Moon it, both may appear above the Horizon ; fo that the 
may be ſeen Nſom has been obſerved eclipfed, when the was below 


«when /þ 


5, a wh the Horizon and the Sun above it. 
the Hari. A STAR in the Vertex or Zenith has no Refrac- 
ny tion, for a perpendicular Ray goes ftrait on; but the 
N gere the More obliquely the Ray falls upon the Surface of the 
Refraftion Air, ſo much the greater is the Refraction; ſo that 
75 greateft; the Horizontal Refraction is the greateſt of all. And 
where thea Star that is above 50 Degrees high has ſcarcely a 
leaſt. ſenſible Refraction. In equal Altitudes the Refrac- 
All the tions are equal: And therefore the Sun, Avon, and 
Stars at fixed Stars, at the ſame apparent Height, have all 
equal he ſame Degree of Refraftion; though the noble 
% Tychs Brahe, the Reſtorer of Aftronomy,-and firſt Ob- 
ſer ver of Refractions, thought otherwiſe. Hence, if 
the Refractions of the fixed Stars are known, we 
ſhall know likewile the Refractions of the Sun; Moon, 
and Planets: And it is eaſier to find by Obſervation 
the Refraction of a fixed Star than that of the Sun 
and Mmm; for the Parallaxes of theſe Bodies not 
being exactly known, the Obſervations -about their 
Refractions will be doubtful; but the fixed Stars 
having no Parallax, all the Difference between the ir 
true and obſerved Places is wholly owing to Refrac- 
tion. 
The M- THOSE fixed Stars, that riſe higber above the 
tod of Horizon than 50 Degrees, have their Declinations, 
obJerving Right Aſcenſions, Longitudes and Latitudes accu- 
the Re- rately enough known; for in ſo great an Altitude, 
the Refraction is next to nothing. Now theſe being 
+. M known, we find the Refractions near the Horizon by 
Fis - {tbe following Method. Let OPZH be the Me- 
5 3* ridian, HO the Horizon, AQ, the Equator, 
PA t 


bave equal 


Refrac- 


liens, 


Line AE; upon which ere& the Perpendicular C A 
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Pole, and the Vertex Z. Let A be a Star whoſe Lecture 
raction is to be found, and let Z D be a vertical XX. 
Circle paſſing thro? the Star, whoſe apparent Place yd 
ſuppoſe to be C; the Arch AC is the Refraction. 
Let the apparent Diſtance of the Star ſrom the Ver- 
tex he obſerved, that is the Arch ZC: And at the 
Time of the Obſervation take the Altitude of another 
Star, which is ſo high that it is not liable to Refrac- 
tion, with which find out the Moment of Time the 
Obſervation was made; which may aHo be known by 
a good Pendulum Clock: By this Time, and the 
Right Aſcenſion of the Sun, we ſhall find the Point 
of the Æquator, which then culminates, or is in the 
Meridian, that is, the Point K. But we have alſo 
the Right Aſcenſion of the Star, that is, the Point 
B, where the Circle of Declination, paſſing through 
the Star, meets the Aquator, and conſequently the 
Arch AB will be known; which is the Meaſure of 
the Angle Z PA. Therefore, in the ſpherical Tri- 
angle ZP A, having Z P, the Diſtance of the Pole 
from the Vertex, and P A, the Complement of the 
Star's Declination, as alſo the Angle Z PA, we find 
out by Trigonometry the Side Z A, the true Diſtance 
of the Star from the Vertex; from which ſubtract 
Z C, the apparent Diſtance known by the Obſer- 
vation, and there will remain AC, the Refraction 
of the Star, which was to be found. 4 
THe Refrattion may likewiſe be found by ob- Aol ber 
ſerving the Azimuth of a Star, or the Arch of the Methed for 
Horizon between the Meridian and the vertical Circle fn4:ng the 
paſſing through the Star, that is, the Arch DO; for $efrac- 
that Arch meaſures the Angle PZ A, from which, 4%. 
and .the Sides PZ, PA, we may find ZA, 


the true Diſtance of the Star from the Vertex; from The Me- 


which ſubtract Z C, the obſerved Diſtance, and we 7% of ob- 
ſhall have CA, the Refraction required. N | Jexrving 
TRE Azimuth of any Star is beſt obſerved, by ny * 
drawing on the Plane of the Horizon the Meridian wy * 
Plate 


which is eaſily performed by a Line and a Plummet: XVIII. 
5 R 2 Then Fig. 6. 
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Lecture Then take another Thread with a Weight, as BD, 
AX. and hang it ſo that the Body of the Star may be co- 
ky — vcred by the two Threads CA, DB, and then the 
Star will be in the Plane of a vertical Circle, in 
which Plane the Threads do likewiſe ſtand : Mark 
then the Point B in the Plane of the Horizon, and 
in the Meridian Line, the Point A, upon which is 
erected the Thread AC: And taking in the Meri- 
dian Line any Point E, draw AB, BE; then, by 
the Help of a Scale of equal Parts, meaſure the three 
Sides of the Triangle BAE, from which by Trigo- 
nometry we ſhall find the Angle BAE, which is the 
Azimuth that was to be found. 
From Refraction, the Reaſon is plain why the 
Sun and Aon near the Horizon appear of an oval 
Figure; for their inferior Limbs are more refracted, 
and raiſed higher than” the ſuperior Limbs are; and 
therefore theſe two Limbs will ſcem nearer to each 
other, and the Breadth of the Bodies contracted, 
while both Ends of the horizontal Diameter being 
equally refracted and raiſed, keep the ſame Diſtance 
from one another, and its apparent Magnitude re- 
mains the ſame. * 
When the THE Rays of the 3 when he is in or near the 
Sun is in Horizon, paſs thorough a larger Body of Air, than 
the Hori- when he is nearer the Vertex. For let ABD be the 
on its Farth, ECF the Orb of Air which ſurrounds it, 
Rare pſi whoſe Altitude is commonly reckoned to be 50 
* ough Miles. Let CA be an horizontal Ray, EA a ver- 
"4, of fical Ray: It is maniſeſt that CA is longer than 
5 % EA; and the Proportion of theſe Lines may be thus 
©. BENS REY found out. Suppoſe the Semidiameter of the Earth 
in the Ze. in round Numbers to be 4000 Miles, and EA 50; 
nith. then is TEN CT 4050, whoſe Square is equal to 
Plate the Squares of CA and AT: And therefore, if from 
XVIII. the Square of CT we take away the Square of TA, 
Fig. 7. there will remain the Square CA; that is, if from 
16402500 we ſubtract 16000000, there will remain 
402500, which is the Square of CA, whoſe Root 
is 634: And therefore CA: AE:: 634: 50, which 
18 
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is greater than the Proportion of 12 to 1. Hence Lecture 
we ſee the Reaſon why, without hurting our Eyes, XXI. 
we can look upon the Sun at riſing and ſetting: Bu. 


in the Meridian he is not to be looked upon, with- 
out the Danger of hurting our Sight. For the Rays, 
of the Sun in the Horizon penetrating ſo large a Body 
of Air, hit againſt an infinite Number of Particles 
ſwimming in it; and being reflected or abſorbed, 
the Force of the Light is thereby much weakened. 
Since therefore Light is ſo much weakened in paſ- 
ſing through ſo ſmall a Space as our Atmoſphere ; if 
this Atmoſphere were ſo large as to reach the Moon, 
and were of the ſame Denſity, neither Sun, Mon, 
nor Stars could then be ſeen. | | 


LECTURE XXI. 
Of the Parallaxes of tbe 8 T ARS. 
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of this Circle, And therefore any Star or Phæno- 
menon, ſeen from the Center of the Earth, will appear 
in a different Place from what it does when obſerved 
from the Surface; and this Difference of Place of 
the ſame Star, ſeen from the Earth's Center and 


viewed from its Surface, is called. the Parallax of 
that Star, | 


4 R3 LzT 
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fande the Parallax of the Star 
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Lecture LET AB be a Quadrant of a great Circle on the 
XXI. Earth's Sur face, where A is the Place of the Specta- 


e tor, and the Point Vin the Heavens his Vertex or 
Flatex IX. Zenith. Let VN H repreſent the Starry Firmament, 


| Fig. 1. the Line AD the ſenſible Horizon, in which ſup- 


TheParal- poſe the Star O to be ſeen, whoſe Diftance from the 


lax what. Center of the Earth is TC. If. this Star were ab- 


ſerved from the Center T, it would appear in the 
Firmament in E, and elevated above the Horizon by 
the Arch DE. This Point E is called the true Place 
of the Phenomenon or Star: But an obſerver viewing 
it from the Surface of the Earth at A, will obſerve 
its Place, in the Horizon at D, whict is called the 
viſible or apparent Place of the Star: And the Arch 
DE, the Diſtance between the true and viſible 
Place, is named the Parallax of the Star. 

U the Star riſe higher above the Horizon to M, 
its true Place -vifible from the Center is P; but its 
viſible Place from the Surface is N; and its Parallax 
is the Arch PN, Which is leſs than the Arch DE. 
And therefore, the horizontal Parallax is greateſt of 
all Parallaxes; and the higher the Star riſes, the leſs 
is its Parallax : And if it ſhould come to the Vertex, 
it would have no Parallax at all, For when it is in 

| Q. it is ſeen. both from T and A in the ſame Line 
TAV; and there is no Difference between its true 

The great- and viſible Place. The further a Star is diſtant from 
er the Ni- the Earth, ſo much the leſs is its Pazallax : So the 
is G D, which is les than 

leſs the Pa- the Parallax of the nearer Star C. Hence it is plain 
rallax. that the Patallax is the Difference of the Diſtances 
of a Star from the Vertex, when ſeen from the Cen+ 

ter, and from the Surface of the Erh. For the true 

Diſtance of the $:ar M from the Vertex is the Arch 

VP; but when obſerved from A, its viſible Di- 

ſtance is VN. | RED, 

.  Tasse Diſtances are meaſured by the Angles 

VPM and VAM, contained between the Line 

VT drawn to the Vertex, and the Right Lines 

T M and AM, dtawn from the * 

| „ vUTIIACE 
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Surface of the Earth to the Star M: Bat the Dif- LeQure 
ference of theſe two: Angles is TMA. For the XXI. 


external Angle VAM is equal to the two inward 
and oppoſite tes ATM and AMT: And 
therefore A T is the Difference of the two 
Angles VAM and ATM or VTM. This An- 
gle AMT does therefore meaſure the Parallax ; and 
upon that Account itſelf is frequently called the Pa- 
relax: And this is always the Angle under which 
the Semidiameter of the Earth AT, appears to an 
Bye placed in the Star: And therefore, where this 


Semidiameter is ſeen directly, there the Parallax is Th-Paral- 
greateſt; that is, in the Horizon. When the Star lax when 
riſes higher, the Parallax is diminiſhed in the Pro- greateſt. 


portion we fhall ſhew in the following Theorem : 
Tus Sine of the Parallax is to the Sine of the 
Sears Diſtance from the Vertex, in a „ and 
given Proportiom; which is, as the Semidiameter of 
the Earth to the Diſtance of the Star from the Earth's 
Center. | 
For, by a well known Theorem in Trigonometry, 
ic the Friangle AT M, the Sine of the An fe AMT 
is to the Sine of the Angle TAM or VAM, as 
ATisto TM; that is, in the conſtant Proportion 
of the Semidiameter of the Earth to the Star's Di- 
ſtance. And therefore, the Sine of the Parallax in 
C is to the Sine of the Parallax in M, as the Sine 
of the Angle VAC is to the Sine of the Angle 
VAM: And therefore, if the Parallax of a Star 
be known when it is at one Diftance from the 
Vertex, we can find its Parallax at any other Di- 
ſtance from the Vertex. If any Star or Phenomenon 
be further diſtant from the Earth than 15000 Semi- 
diameters of the Earth, its Parallax will be fo ſmall, 
that it will be inſenſible, and cannot be obſerved : 
For, fince TF is to T A as 15000 to 1; and, as 
TF is to TA, fo is the Radius to the Sine of the 
Angle TF A. Hence we fhall find the Angle TFA 
leſs than 14 Seconds; which Angle is ſo ſmall, that it 
cannot be obſerved by any Inſtrument, 

R 4 Ir 
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Lecture Ip we have the Diſtance of a Star from the Earth, 
XXI. we can eaſily find its Parallax ; for, in the Triangle 
TA reftangular at A, having TA, the Semidia- 
eter, of the Earth, and T C, the Diſtance of the 

be. the Angle ACT), which is the horizontal Pa- 

rallax, is found by Trigonometry : And again, if we 

have this Parallax, we can find the Diſtance of the 

Star; for, in the ſame Triangle, having A T and the 

Angle ACT, we may find out the Diſtance TC. 

F a Star has no proper Motion of its own, its- 

true Diſtance from any fixed Star, meaſured by an 

Arch of a Circle, always remains. unchangeably the 

ſame: But, if it have a ſenſible Parallax, its appa- 

rent Diſtance will be thereby changed; and, if the 

fixed Star be in the ſame vertical with the Phenome- 

nom, but higher than it, the Diſtance will appear to 

grow leſs as it riſes higher. If the Star be lower, as 

they aſcend, the Diſtance will increaſe ; yet ſeen from 

the Center, they will appear conſtantly to keep the 

ſame Diſtance from each other: And therefore, the 

viſible Diſtances of a Phenomenon from a fixed Star 

which is near it, are not the real, but apparent ones. 

By the Pa- LET there be a Phenomenon or Star appearing in 
rallaxes, the Horizon in E: If it were obſerved from the 
the Di- Center, it would be ſeen in Conjunction with the 
1 fired Star E. But the Spectator in A will ſee it in 
_ puny the ſame Line with the Star D, and will be di- 
the owe ſtant from the Star E by the Arch DE. But as 
fixed Star it riſes higher into M, it will fill appear, from the 
js conſtant- Center of the Earth, in Conjunction with the ſame 
ly vari- Star E, which then will appear in P. But from 
able. the Surface of the Earth in A, it will appear in N, 
nearer to the Star E than it was when in the 
Horizon; and therefore will not appear in Con- 

junction with the ſame Star D, as it did before; 

but will be diſtant from it by the Arch N 4, ma- 

king the Arch P 4 equal to ED. Hence it fol- 

lows, that if any Phenomenon always keeps the 

ſame Poſition in reſpect of the fixed Stars, and 

changes not its arcual Diſtances from them, it baz 


no 
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no ſenſible Parallax, - But even likewiſe, if its Di- Lecture 
ſtance from the Stars be changed, yet if that Change XXI. 
be only ſo much as ariſes from its proper Motion. 
in that Caſe likewiſe it will have no ſenſible Parallax. | 
But if any Phenomenon departs further from a fixed 
Star, or comes nearer to it, than what it would do 
by its proper Motion, this Difference of Accels or 
Receſs i is the Effect of a Parallax, © 

Tre Parallax of a Star in a vertical Circle The Kinds 
changes its Place, in regard to the other Circles of of Paral. 
the Sphere; and makes its viſible Longitude, Lati- laxes. 
tude and Right Aſcenſion, to be different from the 
true ones, which are ſeen from the Center: And 

from hence ariſe four other Kinds of Parallaxes. 

LeT HO be the Horizon, whoſe Pole is V, E Q:PlateXIX. 
the Ecliptick, and its Pole P, VA a vertical Circle Fig. 2, 
paſſing thro* the Star whoſe true Place is C, but” 
apparent. Place D, in the ſame Vertical but 'nearer 
to the Horizon; fo that the Parallax of Altitude is 
DC. Thro' the Pole of the Ecliptick and the Star 
draw the Circle of Latitude PCG, end G will be 
the true Place of the Star reduced to the Ecliptick. The pa- 
But a Circle of Latitude, thro? the apparent Place ra/lax of 
D, will meet with the Ecliptick in H, which will be Longitude, 
the viſible or apparent Place of the $:ar in the Eclip- 
tick: The Arch of the Ecliptick GH, — 1 
between the two Circles of Latitude paſſing thro? 
the true and apparent Place, is called the Parallax of 
Longitude, and CN the Parallax of Latitude. Ta 

Ir the Star be in the vertical Circle, which cuts 
the Ecliptick in the goth Degree from the Hori- 
20n; i. e. in that Vertical which cuts the Eclip- 
tick at Right Angles; as for Example, in the Point 
c of the Circle VE, the Parallax of Longitude will 
be nothing. For becauſe the vertical Circle VE, 
is in this Caſe, perpendicular to the Ecliptick, it 
will paſs thro' its Poles, and will be the ſame Cir- 
cle of Latitude in which is the true and apparent 
Place of the Star; and both theſe Places reduced to 
the Ecliptick will caincide in the ſame Point : And 


here 
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bete the Parallax of Latitude will be the ſame with 


2 4 is that, 
Degree, and the Point 
ne lies be- 
— Degroe, — the ſetting Point —— 
of. A Star, that i in the Eaſtern Quadrant, has 
its apparent Longitude greater than its true J 
- 1 tude; fot, while the Star riſes, the Parallax dept 
it towards the EA. So in the Fig. the vifible Place 
| of the Star in the Ecliptick is the Poine E, which is 
| more Eafterly than the true Place G: But if the 
$tax. be im the) Weſtern Quadrant, its vifible Longi- 
tude is leſa than W becauſe the Parallax thruſts 
it Weſtward. | 
Lav! the Circle Fg, which before repreſented 
the Ecliptick, be now in the Place of the Aquator, 
and. P 1 Pole, 3 wo Meridian, VCA 3 
vertical Circle paſſing the Stor; in which 
ene its apparent, PCG, 
PD Sccondaries of the Aquator or Circles of 
Declination through the true and apparent 
Places of the Star, meeting with the Æquator in G 
and H. The Point G ſhe us the true Right Afcen- 
ſion of the Stor, H its apparent, and the Diftance 
Th, Pa. GH iv called the Parallax of Right Afcenfion. 'Fhe 
vallax of true Declination of the Sum is GC, and its viſible * 
Right A i HD, and their Difference NC is the Parallax 
cenfione of Declination. If a Star be to the E of the 
Parallax Meridian, the viſible Right Aſcenſion is than 
of Declina- the true; if to the i of it, it is leſs: And when 
tion, the Star culminates, the Parallax of Right Aſcenfion 
s nothing ;. becauſe the fame Circle of Declination 
does there” paſs through both the apparent and true 


Phee. 
= Afrmaners have invented ſeveral Methods 
for fi naling the Paraliaxes of Start, that from thenee 
their Diſtances from the Earth may be known; for 
if we knew this, we could make ſome Eſtimate of 
the Larganeſs and Amplitude of the Univerſe, Let 
us 


4 
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us bo give ſome of the Methods which the {fto- Lecture 
nomers have contrived fot ſearching, out the the Paral- XXI. 

| Fong, obſerve the Stur, when if iv in the fame The rf 
vertical Cirtle with tw other fired Stars: Let an of 
VB be che vertical Circle, in which are ſeen the ding the 
fied Stars C and D, and dhe | Phconomenor of Star S, bn” lex: 
whoſe apparent Place will be hkewiſe. in the ſame pe 
Vertical, whictr ſuppoſe to be Ez; aud if the Star 8 3 
have no proper Motion of its own, it will conſtantly 
be in the fame Line wih the two Stars. After 
ſome Time, again obſerve the Poſition of the Phæ- 
name non with ſame Stars, when it is not in a ver- 
tical Ciscle with them, but rather in a Circle Pa- 
rallel to the Horizon; i. e. Suppoſe the fixed 
in r and d, and let the viſible Place of the 
; but its true Place is in the Line c d, whic 


ſtances of the fixed 
from the Vertex. V: Meaſure. likewiſe with an In- 
ſtrument the Arches de, ce and de: And, becauſe 
# is the apparent Place of the Star, and & its true 
Place, the Arch 78 is its Parallax. In the Triangle 
Ve we have all the Sides; wherefore we can find 
the Angle V de. Again, in the Triangle: V de, we 
have alt the Sides ; therefore we can find the Angle 253109 
4 Ve. Laftly, in the Triangle 4 V S have the 
Sides 4 V, and the Angles &V & and VAS, which 
we found before; therefore we can find the Side 
V's; which being ſubtracted from Ve, known by 
Obſervation, leaves Se for the Parallax, which was 
to be found out. | ROE 

Tnr Parallax of a Star may be likewiſe eaſily 4 Second 
found this Way. Obſetve when the Phignamenert 1s Method. 
in any Vertical with a fixed Star which is near it, Plate x IX. 
and then meaſure its apparent Diſtance from this Fig 4- 
Star: Then obſerve again, when the Phæemmanes and 
fined Star are in equal Altitudes from the totigon : 


and 


— 
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and then again meaſure their Diſtance. The Diffe- 


rence of theſe Diſtances will be very near the Paral- 


Canyons Jax of the Star, For let HO be the Horizon, V 


The Third 
Method. 


PlateXIX. 
Fig. 5. 


the Vertex, VE a vertical. Circle paſſing through 
the Star in E, and the fixed Star in D. Let the true 
Place of the Phenomenon be 8, fo that SE is the Pa- 
rallax of Altitude, and the Difference of the Star's 


and the Phænomenon's Height is, in this Caſe, their 


viſible Diſtance. Afterwards, obſerve when the Star 
and the Phenomenon comes to be equally diſtant from 
the Horizon, and then meaſure theit Diſtance by an 
Inftrument : This viſible Diſtance is nearly equal to 
their true Diſtance, For let the true Place of the 
Phenomenon be 5s; the Parallax se is very ſmall in 
Comparifon of the Arch V e: And therefore d s and 
de will be very near equal; for if the Parallax s « 
were a whole Degree, yet even then 4s and de 
would not differ above one Minute: Therefore the 
Diſtance de being meaſured, we ſhall have their true 
Diſtance 4s or DS, which is greater than DE. 
And if from DS we ſubtrat D E, known by the 
firſt Obſervation, there will remain SE, the Paral- 

lax, which was to be found. | 
THE ' Parallax of a Phænamenon may likewiſe be 
obtained by an Obſervation of its Azimuth and Al- 
titude, and by marking the Time between the Ob- 
ſervation and its Arrival at the Meridian, Let 
HVPO be the Meridian, V the Vertex, P the Pole, 
HO the Horizon, and V Ba vertical Circle, paſſing 
thro* the true and apparent Place; thro' which draw 
alſo Circles of Declination PSC, PE. The Arch 
of the Horizon BO is the Azimuth of the Star; 
which muſt be obſerved, in the Manner we. ſhewed 
in our laſt Lefure, Obſerve likewiſe the Arch VE, 
the Diſtance of the Phænamenon from the Vertex, 
and mark the Moment of Time when theſe Obſer- 
vations are made. Then ſtay till the Phenomenon or 
Star comes to the Meridian, and note the Moment of 
its Arrival there; which may be either done by a 
Pendulum Clock, or by an Obſęrvation of a 2 
e 
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Let the Diſtance of the Time between the firſt Ob- Lecture 
| ſervation and the ſecond of the Star's being in the XXI. 


Meridian, be converted into Degrees and Minutes - 


of the Æquator, and we ſhall have the Arch A C, 
which meaſures the Angle VPS. Therefore, in the 
Triangle VPS, we have the Side VP, the Di- 
ſtance of the Vertex from the Pole, and the Angles 
PVS and VPS; whereby we can find the Arch V8, 
the true Diſtance of the Phænomenon from the Ver- 
tex: This being ſubtracted from the obſerved Di- 
ſtance VE, there will remain the Parallax SE, which 
was to be found. 

IT is here to be noted, that to reduce the Time 
into Degrees and Minutes of the Aquator, the Time 
muſt be firſt reduced into Hours and ' Minutes of 
the Primum Mobile, or to the Time of the Revolu- 
tion of the Heavens, which Hours are ſomewhat 
ſhorter than the Solar Hours: Or'if you keep the 
Solar Hours, you muſt reckon for each of them 15 
Degrees, 2 Minutes, 27 Seconds, and 51 Thirds : 
And fo proportionably for the reſt of the Particles 


of Time. 


Su pProsE HO an Arch of the Horizon, AM 5 Fourth 
the Meridian, in which P is the Pole, and V the Method. 


Vertex of the Place. Suppoſe E the apparent Place 


of the Star; before the Star comes to the Meridian, PlateXTSX. 
obſerve the Arch VE, its Diſtance from the Vertex, pig. 6. 


and its Azimuth EVM: Let the true Place of the 


Star be 8, its Parallax is SE: Mark the Time of 


the Obſervation. Again, after the Star has paſſed 
the Meridian, obſerve when it is exactly at the ſame 
Piſtances' from the Vertex, fo that Ve may be equal 
to VE: And here, ſince the viſible Diſtances of the 
Star from the Vertex are equal, the real Diſtances 
will be likewiſe equal, i. . VS=Vs. Take the 
Time between the firſt and ſecond Obſervation, and 
turn it into Degrees and Minutes of the Equator, 
and we ſhall have the Angle SPs, the Half of 
which is the Angle SPV. Therefore, in the Tri- 
angle SVP, we have the Angle SPV, and the 
Angle 8 VP, which is the Complement of the 1 
, I mu 
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Method. 


Plate XX. 


Fig. 1. 
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muth to two Right Angles; alſo the Side VP, 
the Diſtance of the Pole and Vertex; from them 
we ſhall knew VS, the true Diſtance of the Star 
from the Vertex; which being ſubtracted from 
VE, leaves 8 E for the Parallax. 

Tusk Practices depend upon Obſervations of 
the Auimuths; but without abſerving them the Pa- 
rallax may be known, by fiadiag out the apparent 
and true Right Aſcenlons; and from them, by 'Cal- 
culatiou, finding the Azimuth: For by abſerving 
the Diſtance of a Pheanoamenas from two known 


fixed Stars, we can compute its apparent Right A- 


ſcenſion, according to the Method explained in Lec- 
ture XIX: Then again, when the Star comes to the 


ing then the appatent Right Aſcenſion of the 
Star in the Vertical V B, and the Point of the . 
quator which at the ſame Time culminates, we ſhall 
likewiſe know the Angle VPE: Therefore, in the 
Triangle VPE, baving the Sides VP, VE, and 
the Angle VPE, we can fad the Angle PVE, 
which determines the Azimuth. But having the 
true Right Aſcenſion of the Ster as was obſerved in 
the Meridian, and the | Point of the Æquator culmi- 
nating at the finſt Obſervation, the Diſtance. between 
them will give us the Angle VPS. Thexefore, in 
the Triangle VPS, having the. two Angles VPS 
and S P, as alſo the Side VP, we can find the Side 
VS, che real Diſtance of the Star from the Vertex; 
which ſubtracted from VE, leaves S E, the Paral- 
lax, which was to be found. 

Ix determining the Rigbt Aſcenſions of the Start, 
we are not to rely tao much, in ſo nice an Affair 
as the Parallax is, on a Pendulum Clock for: deter- 
mining the Lime; ſor there the Error of one Second 
in numberiog being made, will produce an Error of 
Right Aſcenhon of 15 Seconds. 


For, 
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Obſetvations, - one made in the TCaſtern Quadrant, 
and the other in the Weſtern Side of the Heavens; 
but both muſt be made when the Star is at the ſame 
Height above the Horizon : For if we take the Di- 
france of the Phamomenon from two known fixed 
Stars, when it is in the Eaftern Region, we ſhall b 

that Means find its apparent Right Aſeenſion, whic 

is greater than the true, becauſe the Parallax depreſſes 
a Star more Eaſtern. Again, when the Star deſcends 
on the Weſtern Side, and comes to the ſame Height, 
let its Diſtance be Hkewiſe obſerved from two fixed 
Stars, and get from them its apparent Right Aſcen- 
fon, which is juſt-as much leis than the true, as the 
former exceeded it. And therefore, if the Differences 
between the two apparent Right Aſeenſions be halved, 
and this Half be added to the leaft or ſubtracted from 
the greateſt, we ſhall have the true Right Aſcenſion, 
or the Point in the quator where it meets with 
the Circle of Declination paſſing through the Star, 


that is, the Point C. But from the Time of the Table 
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Fon, to obſerve the Right-Aſcenſion of a Star, Lecture 

there is no need of ſtaying till it come to a-Meri- XXI. 

dian ; but it is more eafily and certainly had by two won nd 


-Qbſervation, we have the Point of the Aquator XIX. 


which culminated at that Moment ; and GTA Fig. 5. 


we have the Arch C, and the Angle AP 

meaſured by it: Therefore, in the Triangle V P'S, 
having the Side VP, and the Angles VPS and PVS, 
we can find the Side VS, the true Diftance of the 
Phenimenm from the Vertex; which fubdufted 


from the apparent Diftance, there will remain SE, 
the Parallax required. 


Tus eaſieſt and beſt Way of finding the Parallax 75% Sixth 
of Right Aſcenſion is by a Teleſcope, in whoſe Fo- Maubod. 


cus are four Threads, croſſing one another at half 
Right Angles, as we ſhewed in our XIXth Lecture. 


Directing this Teleſcope to the Star, turn it con- Table X. 
ſtantly round, till its apparent diurnal Motion appear Fig 2. 


to be along the Thread AB; in which Pofition, the 
Thread will repreſent a Portion of tne Parallel whi 
the Phenomeon deſcribes; and the Thread CD, 


cutting 
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Lecture cutting it at Right Angles, will repreſent a Hofary 
XXI. Circle, Obſerve therefore the Time when the Phe- 
ky — nomenon is ſeen in the horary Circle, The Teleſcope 
remaining thus fixed and unmoved, obſerve the 
Time when any other Star, whoſe Right Aſcenſion 
is known, comes to the ſame Horary Circle: The 
Diſtance of Time between the Appulle of the Phæ- 
nomenon to the Horary Circle, and of the fixed Star 
to the ſame Circle, being turned into Degrees and 
Minutes of the Equator, will ſhew the Difference 
of Right Aſcenſions of the Star and Phenomenon, 
Again, when the Star comes to the Meridian obſerve 
it with the "Teleſcope, and by the ſame Method find 
out its Right Aſcenſion, which will be the true one ; 
and by it we ſhall have the Point of the Equator, 
where the Circle of DeclMation, paſſing thro' the 
true Place of the Star, does cut the /Equator. Ha- 
ving therefore the true Right Aſcenſion and the appa- 
rent, we have their Difference, or the Parallax of 
Right Aſcenſion, And becauſe we have the apparent 
Right Aſcenſion and the Point of the Æquator then 
culminating, we have the Arch of the Equator, in- 
* tercepted between them, which is the Meaſure of the 
Table xXx. Angle VPE. Therefore, in the Triangle VPE, 
Fig. 1. we have the Sides VP, PE, and the Angle VPE, 
whence we find the Angle PVE. From the Angle 
VPE take the Angle SPE, the Parallax of Right 
« Aſcenſion, and we ſhall have the Angle VPS. Laſtly 
in the Triangle V PS, having the Angles VPS and 
PVS, together with the Side VP, we can from 
them find the Side VS, the true Diſtance of the Star 
from the Vertex; which being ſubducted from the 


| apparent Diſtance, leaves the Pacallax that was to be 
| found, | | 
The Me- Ts the Phenomenon have a proper Motion of 
* n its own, its Right Aſcenſion will conſtantly be 
Jnding changed by this Motion, unleſs it ſhould happen 
when the to move in ſome Circle of Declination: And 
Star Bas à tberefore, Care muſt be taken to determine the 
proper Mo- Change of Right Aſcenſion, that ariſes by the 
tion of its Motion of the Star; which is done, by . 
own, t 
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the right Aſcenſion of the Star, when it is in the Lecture 
Meridian; and the next Day let its Right Aſcenſion XXI. 
be in the ſame Manner obſerved. The Difference 
of theſe Right Aſcenſions will ſhew the Change that 

the Right Aſcenſion has, for the Time between the 

two Obſervations: And from them we can find the 
Change of Right Aſcenfion, or the Motion of the - 
Phenomenen along the Aquator in a Day: From this 

_ diurnal Motion, we can find by proportioning the 
Motion for any given Time, for Example, if the 
diurnal Motion according to the Equator be 30 Min. 

that is, ſuppoſe the Phenomenm advanced according 

to the Equator every Day. 30 Minutes; and ſup- 

poſe the Time between the Obſervation on the 
Eaſtern Side of the Heaven, and that in the Me- 

ridian be ſix Hours, the Motion according to the 
Aquator in that Time is 74 Minutes; let the Dif- 
ference of Right Aſcenſion, obſerved in the Vertical 

and in the Meridian, be 20 Minutes, ſeven and a 

half of thoſe Minutes are owing to the proper Mo- 

tion of the. Body ; wherefore the Parallax of Right 
Aſcenſion is 124+ Minutes. | 


AFTER the ſame Manner, by the Apparent, and 
real Longitude of a Phenomenon, the Parallaxes may 
be inveſtigated. The apparent Longitude is found, 
by obſervitig the Diſtance of a Phenomenon from two 
fixed Stars, whoſe Longitudes. and Latitudes are 
known. And the true Longitude is had, by making "© 
the ſame Obſervations, when the Star is in the goth 


Degree of the Ecliptick, where the- apparent and 
true Longitudes coincide. 


By theſe, and the like Methods, if any Phpæns- 
menon has a Parallax not leſs than one Minute, it 
may be found out. In the Aeon we find the Pa- 
rallax very conſiderable, which in the Horizon a- 
mounts to aboue 3 Degree or more. But there ate 
ſome particular Methods, only applicable to the 
Mem, by which its Parallax, is 5 4 2 

IN an Eclipſe of the Mann, obſerve when both my _ 
its Horns are in the ſame vertical Circle, and then 1 
in that Moment take the 1 of both Horns: f the 


Moon. 
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Aure The Difference of theſe two Altitudes being halved 
XXI. and added to the leaſt, or ſubtracted from the greateſt 


CAL does give nearly the viſible Altitude of the | 
Center: But the true Altitude is nearly equal to the 
Altitude of the Center of the Shadow at that Time. 
Now we know the Altitude of the Center of the 
Shadow, becauſe we know the Place of the Sun in 
the Ecliptick, and its Depreffion utider the Horizon 
which is equal to the Altitude of the oppoſite Point 
of the Ecliptick, in which is the Center of the 
Shadow, And therefore we have the true Altitude 
of the Moon, and the apparent Altitude, whoſe Dif- 
ference is the Parallax, which will therefore be 
| known, 
Tables of As the Diſtance of the Mon grows leſs, accord- 
the Moon' ing as it recedes from its Apogaum, her Parallax 
Paral- muſt in the ſame Proportion be increaſed conſtantly, 
laren. the nearer ſhe comes to us. Therefore the Artiſts 
make Tables, which ſhew the horizontal Parallax 
for every Degree of its Anomaly, 
TB Paral-. ThE Methods we have given for finding the Pa- 
lax of the rallaxes, ſhew, that the Mon has a great Parallax, 
Sun not te and is very near us; but none of them is ſufficient 
be found for finding out the Parallax of the dun: For that 
theſe is fo ſmall, that the Obſervations requiſite cannot be 
19044. made accurately enough to determine it; for an 
Error in obſerving can ſcarcely be avoided, which is 
not equal or greater than the Sun's Parallax. This 
Defect of Obſervations put the antient Aſtronomers on 
the Search of other Methods peculiar to the Sun, 
for finding out its Parallax: But even thoſe Me- 
thods, though they make manifeſt the Acũteneſs and 
Sagacity of the Antients, yet are not ſufficient in fo 
nice and fubtle a Diſquiſition. However, they are 
uſeful to ſhew, that the Diſtance of the Sun from 
the Earth is very great in Comparifon of the Mom's 
UH; RY "Diſtance from the ſame 4 And therefore it will not 
_— . be unſitting to explain them in this Place. 3f 56 
thod for THe firſt ' Method was invented by Hipparc hus, 
be Paral. and has been made uſe of by Prolemy and his Fol- 
lax of the lowers, and many bother Aftronamers, It depends on 
Sun, - I an 
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the Principles on which it is founded are, Fir, In XXI. 
a Lunar Eclioſe the horizontal Parallax of the Su. 
is equal to the Difference between the apparent de- 
midiameter of the Sum, and half the Angle of the 
Conical Shadow; wine is eaſily made out in this 
Manner, Let the Circle AFG repreſent the Sun, Plate XX. 
and DHE the Earth; let DHM be the Shadow, Fig. 3. 
and DMC the half Ange of the Cone. Draw © _ 
from the Center of the Jun the right Line 8D 
touching the Earth, and the Angle DSC is the ap- 
rent aer of the Earth, ſeen from the 
dun, which is equal to the horizontal Parallax of the 
Sun; and the Angle A DS is the apparent Semidiameter 
of the Sun, ſeen from the Barth: The external An- 
gle ADS is equal to the two Internals DMS and 
SM, by the 32d Prod. Elem. I. And therefore 
the Angle DSM, or D S C, is equal to the Dif- 
ference of the Angles A DS and DMS. 24, Half 
the Angle of the Cone is equal to the Difference of 
the horizontal Parallax of the Joon, and the apparent 
Semidiameter of the Shadow, ſeen from the Earth © 
at the Diſtance of the Aeon. For let CDE be the plate XX. 
Zartb, CME the Shadow, wich at the Diſtance Fig. 4. 
of the Aon being cut by a Plane, the Section will 
be the Circle F LH, whoſe Semidiameter is FG, 
and is ſeen from the Center of the Eantb under the 
Angle FTG. But by the 32d Prop. Elem. I. the * * 
Angle CF T is equal to the two Internals FM T 
and FTM. Wherefore the Angle FMT is the 
Difference of the two Angles CFT and GTF: 
But the Angle CF IT is. the Angle under which the 
Semidiameter of the Xarth is ſeen from the Mon, 
and this is equal to the horizontal Parallax of the 
Moen ; and the Angle G TF is the apparent Semi- 
diameter of the Shadow ſeen from the Karth's Cen- 
ter. It is therefore evident that the half Angle of 
the Cone is equal to the Difference of the horizontal 
Parallax of the Mon, and the apparent Semidiameter 
of, the Shadow ſcen fiam the Earth. Wberefore, 
if to the apparent Semidiameter of the Sun. there be 
8 2 f added 
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Lecture added the apparent Semidiameter of the Shadow, and 
XXI. from the Sum you take away the horizontal Parallax 
— of the Moon, there will remain the horizontal Paral- 
lax of the Sun; which therefore, if theſe were ac- 

curately known, would be likewiſe known accu- 

rately : But none of them can be fo exactly and _— 
obtained, as to be ſufficient for determining the Paral- 
Hippat- lax of the Sun; for very D cannot 
chus f e. be eaſily àvoided in meaſuring theſe Angles, will pro- 
thed inſuf. duce very great Errofs in the 'Parallax; and there 
ficient, will be a prodigious Difference in the Diſtances of 
the Sun, when drawn from theſe Parallaxes. For 
Example: Suppoſe the horizontal Parallax of the 

Moon to be 60 15”, the Semidiameter of the Sun 16 

and the Semidiameter of the Shadow 44 30“; we 

ſhould conclude from * thence, that the Parallax of 

the Sun was 15”, and his Diſtance from the Barth - 

about 13700 Semidiametets of the Earth. if 

there be an Error committed, in determining the Se- 
midiameter of the Shadow, of 12“ in Defect, (and 

certainly the Semidiameter of the Shadow cannot be 

had ſo percifely, as not to be liable to ſuch an Error) 

that is, if inſtead of 44 30“ we put 44* 18“ for 

the apparent Diametłr of- the Shadow, all the others 

remaining as before, we ſhall Have the Parallax of 

the Sun 3, and its Diftance from the Earth almoſt 

2 Semidiameters of the Earth, which is five 

imes more than what it was by the firft Poſition. 

But if the Fault were in Exceſs, or the Diameter of 

the Shadow exceeded the true by 12/7; ſo that we 

ſhould put in 44 42% the Parallax would ariſe to 

27”, and the Diftance of the Sun only 7700 of the 

Earth's Semidiameters; which is nine Times lefs than 

what it comes to by a like Error in Defect. If an 

Error in Deſect was comtnitted of 15“, which is 

ſtill but a ſmall Miſtake, the Sun's Parallax would 

be equal to nothing, and his Diftance infinite, Where- 

fore, fince from ſo ſmall Miſtakes the Parallax and 
Diſtance of the Sun vary ſo much, it is plain that 

the Diſtance of the Sun cannot be obtained by this 
Method. 5 120 1 
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SINCE therefore the Angle that the Earib's Semi · Lecture 
diameter ſubtends at the Sun, is ſo ſmall that it can- XXI. 
not be determined by any Obſervation; Ariſtarebhus 
Sanuus, an ancient and great - Philoſopher and Aſiro- Ariſtar- 
aomer, | contrived, a very ingenious Way-for finding chvs's Me- 
the Hugs Which the Semidiameter of the. Ain f 224 fe. 
Ordit ſubtends when ſeen from the Sun: This % 59's 
Angle is about ſncty times bigger than the former, oh 
ſubtended only by, the Harth's Semidiatheter.' To 
find this Angle he lays down the folltwang.: N 
ciples. erik) 
' , In that Lefure where we explained, the Phaſes 
of the Moen, we ſhewed that if a Plane paſſed 
through the Mfron's Center, to which the Line j join- 
ing the San and. Moon's Center was perpendicular, 
this Plane would divide the illuminated Hemiſphere 
of the Mun from the dark one: And therefore, if 
this Plane ſhould likewiſe paſs through the Eye of a 
r on the Earth, the Mon would appear bi- 
ſected, or like a half Circle; and a right Line, drawn 
from the Earth to the Center of the Men, would 
be in the Plane of Illuminatidn, and conſequently 
would be perpendicular to the right Line which joins 
the Centers of the Sun and H Let S be the Sun, Table xX. 
and T the Earth, AL qa Qi drant of the . Monii's Fig. 5. 
Orbit; and let the Ling SL, drawn from the Sun, 
touch the Orbit of the Mor in L; the Angle TLS 
will be a r ht Angle: And therefore when the Aeon. 
is ſeen in it will appear biſected, ot juſt half a 
N. 11. © * the Fs ime take the oaks LTS 
Elongation of the Magn from the Sun, and then 
we. ſhall have the Angle LS Tits Complement to a 
** Angle. But we have the Side T L, by which 
we can find the Side 8 T, the. Diſtance of the Sun 
from the Earth. | 
Bur the Difficult Poiat i is to determine nelly Ariſtar- 
| the Moment of Time when the Moon | 1s, bifzed, chus's Me- 
or in its true Dichotomy 3. for there is a conſider- thod inſuf 
able Space of Time both before and after the Di-Aclent. 
„ nay, even in the Quadtature, when the 


2 will appear biſected, or half a Cirele; ſo 
83 that 
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that the exact Moment of Biſection cannot Be known 
by Obſervation, as Experience tells us: This can be 
alſo made out by the following Reaſon. Px. 95. in 
the Lefure concerning the Phaſes of the Mon; it was 
de monſtrated, that the Diameter of the Morn was 
to the Portion of it illuſtrated by the Sun, and ſeen 
by us, as the Diameter of a Circle is to the Yerſe 
Sine of the Elongation of the Mom from the Sah, 
nearly: But accurately, it is as the Diameter of a 
Circle to the Verſed Sine of the exterior Angle at 
the Moon, of the Triangle formed by Lines joining 


the Centers of the Sun, Earth, and Moon, as we 


ſhewed in the Ledure, pag. 163. concerning the 


Phaſes of Venus. Let us ſuppoſe, in the Time of 


true Dichotomy or Biſection, that the Angle LST is 
15 and that the Semidiameter 6f the Liner Orbit 
were 65 Semidiameters of the Earth; the Diſtance of 


the Sun would in that Caſe be 13758 of the Earth's 
$emidiameters, This being ſuppoſed, let us ima- 


gine the Auen to be in her Quadrature at 9g; that 
4 tet the Angle g LS be a right Angle, the exte- 


rior Angle of the Triangle g T'S at 4 would be 


go. 155 whoſe Verſe Sine is equal to the Radius 
and the right Sine of 15“ together : T Herefore, as the 
Diameter of a Circle is to the RalivsÞ Sine 15“; 
ſo is the Diameter of the Moon to that Part of it 
which is illuſtrated by the Sun, and ſeen from the 


Earth. Wherefore, taking half the Antecedents, 


and by Diviſion of Ratio, the Radius Will be to 
the right Sine of 15“, as is the Semidiameter of the 


Aaon to that Exceſs, wherewith the illuminated 
Part ſeen from the Earth is greater than half the 


. „that it is not in 


Moos Diameter. Now the Sine of 15“ is 436, 

of fuch Parts as the Radius is 100000, and the àp- 

arent Semidiameter of the Mao is about 157: 

y therefore, as 'To0000 is to 436, ſo is 15 to a 

Fourth, which is leſs than 43 ut this is fo ſmall 
t 


leaſt tb be perceived 


by our Senſes: And therefore the Mom, even in 


the Quadratures, has its Illumination exceeding the 


biſeted Illumination by ſuch a Quantity as Is alto- 


gether 
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gether imperceptible: But if the real Dichotomy or Lecture 
Biſection were in the Quadrature, the Diſtance of XXI. 
the Sun would be Infinite; for in that Caſe the 


Angles ST q and 89 T being right, the Lines 8 T 
and Sg would be parallel, and would not meet but 
at an infinite Diſtance. _ 

 2dly, Sur rost the Elongation of the Moon from 
the Sun 89˙, 30“: In that Caſe the exterior Angle at 
the Aeon is 80. 45 and its Yerſed Sine equal to the 
Radius bating the right Sine of 15“. And becauſe as 
the Radius is to the Verſed Sine of the exterior Angle, 
that is, to the Radius diminiſhed by the Sine of 15'; 
ſo is the Semidiameter of the dom to that Part of 
it which is illuſtrated and ſeen by us; then, by Di- 
viſion of Ratio, the Radius will be to the Sine of 
15 ; as is the Moon's Semidiameter to that Part 
whereby the Semidiameter of the Aion is greater 
than the illuminated Part thereof which is ſeen by 
us; which therefore (as in the former Caſe) will be 
ſcarce 4”: Now the Man wanting but ſo ſmall a 
Portion to be intirely biſected, will appear to us 
as if ſhe were really biſefted; ſo that its Phaſis 
can in no wile be diſtinguiſhed from the true Phaſes 
of a Dichatomy: And therefore, if this apparent 
Phafis ſhould be taken for th& true Phaſis of the 


Dichotamy, which is half a Degree diſtant from the 
.Quadrature, we.ſhould find the Diſtance of the Sur 


from us to be 6876 Semidiameters of the Earth. 
OBs8ERVAT rons inform us, that when the An 


is 30 Min. diſtant from the Quadratures it appears 
biſected; and in the Quadrature its 8 cannot be 


perceived to be different from a biſected Phaſis: Nay, 


the Mon, obſerved with the beſt Teleſcopes, after it 


has paſt the Quadratures, appears biſected, as Ricci- 
elus himſelf. acknowledges in his Almægeſt, p. 734. 


And therefore the Moon, at leaſt for the Space of 
one Hour, appears to be biſected, in which Time any 
Moment may be taken for the true Point of the 


Dichotomy, as well as any other: And for the infi- 
nite Number of Moments of Time, we-ſhall have an 
84 infinite 
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Lecture infinite Diverſity of Diſtances of the Sun from the 

XXI. Earth: And conſequently, the true Diſtance of the Sun 
Wy — from the Earth cannot be obtained by this Method, 

"| SINCE the Moment in which the true Dichotomy 

happens is uncertain, but it is certain that it hap- 

pu before the Quadrature ; - Ricciolus takes that 

oint of Time which is in the Middle, between the 

Time that the Phafis begins to be doubtful whether 

it be biſected or not, and the Time of Quadrature : 

But he had done. righter, if he had taken the mid- 

dle Point between the Time when it becomes doubt- 

ful whether the Moon's Side is concave or ſtraight, 

and the Time again when it is doubtful whether it 

is ſtraight or convex; which Point of Time is after 

the Quadrature: And if he had done this, he would 

have found the Sun's Diſtance a great deal bigger 

than he has made it. 1 | 

There ic no THERE is no need to confine this Method 

need to con- to the Phaſis of a Dichotomy or Biſection, for it can 

fine this be as well perform'd when the Aron has any other 

Method ie Phaſis bigger or leſs than a Dichatomy : For obſerve 

the Phaſis by a very good Teleſcope, with a Micrometer, the 

of @ Biſec- Bloß, of the Macon, that is, the Proportion of the 

illuminated Part of the Diameter to the Whole; 

and at the ſame Myment of Time take her Elon- 

82 from the Sun: The illuſtrated Part of the 

iameter, if it be leſs than the Semidiameter, is to 

be ſubducted from the Semidiameter ; but if it be 


tion, 


"— greater, the Semidiameter is to be ſubducted from 


it, and mark the Reſidue: Then fay, as the Semi- 
diameter of the Mon is to the Reſidue, ſo is the 
Radius to the Sine of an Angle, which is therefore 
found: This Angle added to, or ſubtracted from a 
right Angle, | "204 the exterior m_ of the Tri- 
angle at the fon; But we have the Angle at the 
Earth, which is the Elongation obſerved ; which 
therefore being ſubducted from the exterior Angle, 
leaves the Angle at the Sun. And in the Triangle 
SLT, having all the Angles and one Side LT, we 
can find the other Side 8S T, the Diſtance of the Sun 


from 
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from the Earth. But it is almoſt impoſſible to deter- Lecture 
mine -accurately the Quantity of the Lunar Phaſis, XXI. 
ſo that there may not be an Error of a fe Second 
committed; and | conſequently, . we cannot by this 
Method: find preciſely enough the true Diſtance of 
the Sun, However, from fuch Obſervations,” we are 
ſure, that the Sum is above 7000 Semidiameters of 5 
the Earth diſtant from us. Since therefore the true 73, Sun's 
Diſtance of the Sun can neither be found by Eclipſes, Difance 
nor by the Phaſes of the Mom, the Aftronomers are and aral- 
forced to have Recourſe to the Parallaxes of the Pla- /ax may be 
nets that are next to us; as Mars and Venus, that are deduced 
ſometimes much nearer to us than the Sun is: Their) gr, 2 
Parallaxes they endeavour” to find by ſome of the , 
Methods above explained: And if theſe Parallaxes % **** 
were known, then the - Parallax and Diſtance of the 
Sun, which cannot directly by any Obſervations be 
attained," would eaſily be deduced from them. For 
from the Theory of the Motions of the Earth and 
Planets, we know at-any Time the Proportion of 
the Diſtances of the San and Planets from us; and 
the horizontal Parallaxes are in a reciprocal Propor- 
tion to theſe. Diſtances. Wherefore, knowing the 
Parallax of à Planet, we may from'thence find the 
Parathx:of the n th 

Mars, when he is in an Acronychal Poſition, that Particu- 
is, oppoſite to the Sun, is twice as near to us as the 4 &y 
Sun is; and therefore his Parallax will be twice as 5 
great. But Venus, when ſhe is in her inferior Con- —_ 
junction with the Sun, is four Times nearer to us Hitler. 
than he is, and her. Parallax is greater in the fame 
Proportion: Therefore, tho” the extreme Smallneſs 
of the Sun's Parallax renders it unobſervable by our 


- Senſes, yet the . Parallaxes of Mars or Venus, which 


are twice or four Times greater, may become ſen- 
ſible. The Aſtronomers have beſtowed. much Pains 
in finding out the Parallax of Mars; but of late 
Mars was in his Oppofation to the Sun, and alſo in 


his Perihelion, and | confequently, in his neareſt Ap- 
proach to the Earthe And then he was moſt accu- 


rately 
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Lecture rately obſerved by two of the moſt eminent Afre- 

XXI. ours of our Age, who have determined his Paral- 
2 lax to be been ſcarce 30 Seconds; from whence 
| we can eaſily collect, that the Parallax of the Sur is 
ſea tee xx Segonds, and his Niſtance about 19000 
demidiameters of the Harth. Cuts 


7. Paral- BN an Obſervation of the Body of Venn, ſeen 


2 1 paſiing over the Bedy af the Sun, which will hap- 
un found pen in Dfoy 2561, Dr. Holley has ſhewed a Method 
„ of finding the Parallax and Diſtance of the Sus to 2 
28655 Be. great Nicety, viz. within a five hundredth Part of 
& of the the Whole; and we muſt wait till then, before it 
Sun. dan be deterin'd to © graat an Exaftneſs. 
©, B&CAVvSE che Method whereby the Afronomers 
forextel Eclipſes of the Sw, requires that the Aas 
Parallax both as to Longitude and Latitude ſhould he 
knows by Calculation: And alſo, as often as the 
Sans Place in the Heavens is to be abſerved, that 
it may be compared to the Place found by Aſtrono- 
ical Tables, in order to eſtabliſh her Theory; it 
will be neoeſſary to reduce the true Place found by 
the Tubles to her apparent Place, which cannot be 
done without the Calculation of the Parallax : it will 
be convenient to explain the Method by which the 
— Parallax foi any Point of Time is to be cal- 
5 i cu .. 

Hu the Ener, by Afranonical Tables compute the Place 


Moon's of the Main in the Ecliptick and her Latitude, for 
Parallex the given Time. In the Figure. ſuppoſe HO the 


ir tobe Horizon, HZO the Meridian, Z the Vertex, EC 


found for the Ecliptick, in which let L be the Place of tbe 


an7 1:54 Moon, wund -by the Tables. And firſt, let us fup- 
tion, Poſe the Au to be without Latitude. From the 
TableXX! Vertex £ let fall upon the Ecliptick the Perpendicu- 
Fig. 6. lar Zu A, which will be therefore a Cirele of La- 
titude, and the Point à will be the goth Degree 
of tbe; Ecliptick. From the Time given we have 
the Right Aſcenſion. of the Syn, and his Equatorial 
Diſtance from the Meridian: From thence we ſhall 


fad che Point of the ZEquator culminating, which 
i | 1s 


cad ob = 4 0 e 
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is the Right Aſcenſion of Mid-Heaven, or of that Lecture 


Point of the Ecliptick which culminates: And 


XXI. 


therefore we know that Point which is then in te 


Meridian, as alſo the Angle Z E » of the Ecliptick 
and the Meridian. This is either found by the Cal- 
culation we explained in the ſpherical Doctrine, or 
by Tables of Afromomy : By this Means we find the 
Arth E L; but we have the Arch EX the Decli- 
nation of the Point E, and conſequently the Arch 
Z E will be known. Therefore in the right-angled 
Triangle Zn E, we have the Side ZE, and the 
Angle Z EA. Hence we can find E x and the 
Point n or the Point of the goth Degree, ard the 
Arch Z , its Diſtance from the Vertex; whoſe 
Complement n A is the Meaſure of the Angle that 
the Horizon and the Ecliptick make: And becauſe 
we have the Place of the Mom, we muſt have the 
Archn L. Therefore in the right angled Triangle 
Zu L, having the Sides £ x and L, we mall have 


from them the Angle Z LA, which is called the 


Parallafiick Angle, as likewiſe the Side Z L, the 
Diſtance of the An from the Vertex. Let the 
Radius be to the Sine of the Arch Z L, as the hori- 
zontal Parallax” of the Aeon en from the Tables 
to its Parallax in L, which therefore is found. Let 
it be L. From on the Ecliptick let fall the Per- 
ndicular e m. And in the Triangle o L (which 
being very fmall, may be taken for a rectiſinear one) 
we haye beſides the Right Angle, the Side L o and 
the Angle o LM equal to Z Ln; wherefore we 
ſhall find out the Arch L m, the Parallax of Longi- 
tude, and em, the Parallax of Latitude, which 
were to be found. | | 
Suprosx now the Mon has ſome Latitude, and 


its Place in the Ecliptick be the Point L, but let it 


de placed in the Circle of Latitude LP at P. And 


becauſe the Angle n LP is right, and we have the 


Fog u LZ, and its Complement Z LP; in the 


Triangle Z LP we have two Sides, Z L, which was 
found before, and LP, the Maon's Latitude, 1 


The Paral- 
lactick 
Angle. 
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LeQurer the Angle, Z LP, whereby we can find out the Side 
XXI. ZP, ey the Angle Z PL. Let the Radius be to 
the fine of the Arch Z P, as the horizontal Paral- 
Jax of the Alcon to a Fourth, which will, be Pg: 
This will be the Parallax of the Aan in the Circle 
of Altitude: Let 9 be an Arch parallel to, the E- 
cliptick; and in the ſmall Triangle P 4g, which 
may be taken as a right angled Triangle, we have 
the Angle 4 b, which is the, Compl, 77 of the 
Angle, ZP L to two right Angles, and the Side 
Pg: Therefore we ſhall, have Pd the &. pf 
D and d the F Longitude: 
becauſe the Latitude of the A. ks: but ſmall, = 


Arch of the Paralle 1 d q is 5 to the 
Arch 90 * ick wen coſy ot to it. 
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THERETO” we N ven an Ac- 


=. 4 + count of the general ffections of 
Lg H the Planets Motions, and. have ex- 


Wo. © plained the Appearances which ariſe 
The Ne Yes 5 55 from their Motions and the Motions 
ries of the of the Earth together, - We wil 


404 now come to their particular Theories, in which 
1 the Period of each, its Diſtance from the Sun, the 
of the . Form of its Orbit, and its Poſition are determined 
Earth, W. nich 
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which being once known, the Place of any Planet LeQure - 
in the Zodiack may be computed for any given Time. XXII. 
And becaufe'the Theories of the Planets are founded 
on the Motion of the Earth, and are inveſtigated 
by this Motion, it will be neceſſary to begin with 
the "Ther al whe Bare TD IST. 

In our VIIch Ledture we ſhewed how the Motion 

of the Farth round the Sun was the Cauſe of the | 
Appearance of the annual Motion of the Sun in the 74: Mhrion 
Ecliptick; and that the Sun, obſerved from the Earth of the - © 
ſeemed to deſcribe the ſame Circle in the Heavens, Earth 
that a Spectator in the $un would ſee the Earth really found by 
to move in. But the Place of the Earth ſeen out of obſer ving 
the Sun is always diametrically oppoſite to that Point the Motion 
of the Ecliptick in which we on the Earth obſerve of the Sun. 
the Sun to be placed: And. therefore when the Sun 
appears to us in V, the Earth is really in ; when 
he is in S, the Earth has its Manſion in y. 
And therefore, from the ' apparent Places of the 
Sun, which we find out by Obſervation, we can 
eaſily determine the Place of the Earib in its pro- 
per CREE ont, = , 

SINCE the Ecliptick cuts the Equator in two 
oppoſite / Points, the Sun will twice every Year ap- 
pear in the Æquator or EquinoQial' Circle; which The Sun is 
happens, when by his apparent Motion, he arrives ee e 
at the Interſections of thefe two Circles: All the very Year 
reſt of the Vear he will ſeem to decline either to i» ihe E? 
the North or Sauth from the Æquator; and he guino#ial 
is at his fartheſt Diftance from the Equator, when Crrc/e. 
he is juſt in the Middle between the two Sec- 
tions, that is, 9o Degrees removed from either, 
and there the Sun does not ſeem to alter his De- 
elination for ſome Time; and then the Days ke 
the ſame Length: And therefore theſe Points which 
are the firſt of and W are called the Salſtitial 
Points, as the Interſection of the Æquator and E- 
cliptick, are called the Equine#ial Points, becauſe 
when the Sum is ſeen in them, the Days and Nights 


* 


are equal. 
SIN cE 
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Lecture SiNCE the Sun is ſeen continually moving in 
XXII. the Ecliptick, and every Day ſeems to advance 2 
L—— Unger Eaſtward, he makes no Stay in the Equi- 
| Days and noctial Points; but in paſſing on, in the ſame Mo- 
ights not ment he arrives there, he leaves them: And there- 
equal but fore, though the Day the Sun enters the Equinoc- 
you -> „tial * 5 wg T Equinax, becauſe it A * 
puted equal to the Night; yet it is not preci 0 
— 8 the Sun 4 the * at Mid-day. 
day. For if the riſing Sun ſhould enter the Vernal Equi- 
nox, at Setting he will have departed from it, and 
decline Northwards about the Space of 12'; and 
therefore, that Day will be ſomewhat longer than 
12 Hours, and the Night ſhorter ; but the Diffe- 
rence is ſo ſmall that it may be negleQed in this 

Matter, | 

The Inve- THE Moment of Time, in which the Sun en- 
Figation of ters the Equator, is found out by Obſervation, 
the Sun's and from the Latitude of the Place of the Obſer- 
entring the yer, For in the Equinoctial Day, or near it, with 
+Bquater. an Inftrument exactly divided into Degrees, Mi- 
nutes, and Parts of Minutes, take the Meridian Al- 
titude of the Sun: If it be equal to the Altitude 
of the AEquator, c to the Complement of the Lati- 
tude, the Fun is in that very Moment in the .- 
quator ; but if it is not equal, take the Difference 
and mark it, for it will be the Declination of the 
Sun, Then the next Day again obſerve the Meri- 
dian Altitude of the Sun, and gather from thence 
his Declination. If theſe two Declinations be of 
different Kinds, as the one South and the other 
North, the Equinox bappens ſometime between the 
two Obſervations, or if they be both of the Game 
Sort, the Sun has either not entered the Æquinoc- 
tial, or has paſt it. And from theſe two Odſer- 
vations of the Sun's Declination, the Moment of 
the Equinox is thus inveſtigated. m 
Lier CAB be a Portion of the Ecliptick, 
EAQ an Arch of the Æguator, and let their 
Interſection be in A, Let C be the Declina- 
tion 
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tion of the Sim at the Time of the firſt Obferva- Leute 
tion, ED his Declination in the ſecond Obſerva- XXII. 
tion, the Arch CE will be the Motion of the 81. 


in the Ecliptick for one Day. In the ſpherical Tri- 
angle AEC right-angled at Æ, we have the Angle 
A, which the Equator and the Ecliptick make, 
which we ſhewed how to find out in Ledbure IX; 
as alo CE, the Declination of the San, known by 
Obſervation, by which we ſhall find the Arch CA. 
And in the fame Manner in the Triangle AED the 
Side AE is found, and thence the Arch CE, which 
is the Sum or Difference of the Arches CA, AE. 
Say then, As CE is to CA, ſo is twenty-four Hours 
to the Time between the firſt Obſervation and 
the Moment of the Ingreſs of the San to the 


uinox. 


Ir again, the next Year, the Time of the Sun's The Qn 
Entry into the Equator be obſerved in the fame ri of che 
Manner, the Time elapſed between the two In- Tropical 
greſſes is the Space of a Tropical Year, or the Time Vrar. 


wherein the Sun, or rather the Earth, compleats its 
Courſe in the Ecliptick ; which is called the Tropical 
Year, becauſe after it is finiſhed, all the Seaſons re- 
turn again in the ſame Order. But by Obſervations 
that are made at the Diſtance of a Year, we cannot 
fafely rely upon the true Quantity of the Yeer col- 
lected from them; for a ſmall Error of one Minute, 
being conftantly increaſed and multiplied by the 
Number of Years, in Proceſs of Time would amount 
to a prodigious Miſtake in the Place of the Sun. 
Therefore the Aftronomers more accurately determine 
the Quantity of the Year, by taking the Obſerva- 
tions of two Equinocties at many Years Diſtance 
*from one another; and dividing the Time between 
'the Obſervations, by the Number of Revolutions the 


Dun has made, the Quotient will ſhew the Time of 


one Revolution, or nearly the Period of the Earth 
in her Orbit. For by this Means, if there be any 


Miſtake made in the Obſervation, it will be divided 


Into fo many Parts, according to the Number of 
| | Years, 


ww ASTRONOMICAL 


Lecture Years, that it will be inſenſible for the Space of ond 
XXII. Year. | ddr A 
3 Tas Space of Time belonging to the Tropical 
Year, is by this Means found to conſiſt of 365 Days, 
The Ano- 5 Hours, 48 Minutes, and 57 Seconds. This Time 
maliſtical is ſomewhat leſs than the periodical Time of the 
Year. Farth in her Orbit, which is called the Anomali/ti- 
cal or Periodical Year. For by reaſon of the Pro- 
ceſſion of the Equinocties, which was explained by 
us in the VIIIch Lecture, by which the Points of 
Interſection do conſtantly every Year move back 50 
Seconds, and as it were, meet the Sun; the Sur 
will arrive at the Interſection before he has compleat- 

ed his Courſe. Now the Time of the Earth's Period 

or Anomaliſtical Year is 365 Days, 6 Hours, 9 Mi- 

nutes and 14 Seconds. | 1 
The Motion Tx the Motion of the Earth round the Sun were 
of the Sun equal, that is, if it deſcribed equal Angles round 
in the E- the Sun in equal Times, the apparent Motion of the 
cliptichun- gun in the Ecliptick would always be equal, and 
hl. would proceed each Day in the Ecliptick 59 8: 
And therefore the Place of the Sun would eaſily be 
computed for any Time, But we are ſure by Ob- 
ſervation, that the apparent Motion of the Sun is 

not equal, and that he goes thro* ſome Parts of the 

Ecliptick quicker than thro' others; and particular] 
in going thro' the Northern Semicircle of the K. 
. - .cliptick, he ſpends near eight Days more than in 
paſſing over the Southern Semicircle ; which ought 
to be performed preciſely in the ſame Time, if the 
apparent Motion of the Sun were equal. Moreover, 
if we make Obſervations, and. from, them find out 
the Motion of the Sun in the Ecliptick for each Day 
in ſome Days he will be found to move thro' the 
Space of 61 Minutes in a Day; at other Times he 
will ſcarcely be ſeen to have compleated 57 Minutes. 
The daily” THe daily Motion of the Sun in the Eclip- 
Motion of tick is obſerved in this Manner, Let CB. repre- 
the Sun, ſent the Ecliptick, EZ Q the Aquator, whoſe com- 
mon Interſection is in A: Take with an Inſtrument 
the Meridian Altitude of the Sun; the Altitude 8 

4 t 
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the Æquator in the Place of Obſervation is likewiſe Lecture 
to be known: The Difference of theſe two Arches XXII. 
is the Declination of the Sun, which will therefore 
be known. Let G be the Place of the Sun in the 
Ecliptiek, and FG his Declination. In the right- 

angled Triangle G F A, having the Side FG and the 

Angle A, we ſhall find the Arch A G, the Diſtance 

of the Sun from the Equinoctial Point, or his Longi- 

tude and Place in the Ecliptick at the Time of the 
Obſervation. The next Day again obſerve the Me- 

ridian Altitude of the Sun, and find from thence 

his Declination, which ſuppoſe to be ML, from 

which, and the Angle A; by the ſame Method we 

ſhall find out the Arch MA : from which ſubtrat 

the Arch AG, and we ſhall have the Arch GM, 

which is paſſed through by the Sun in one Day. The 

Bigneſs of this Arch is mutable, according to the 

Place the Earth has in its Orbit. 

THE ancient A/tronomers, who allowed no Mo- The circu- 
tions in the Heavens but what” were circular and /ar Hypo- 
equal, that they might give an Account of this ap- ft of 
parent Inequality of the Sun's Motion, imagined that “e A 
the Sun moved round the Earth; or the Earth round 2 54 
the Sun, (for it is the ſame thing which we ſup- 72.1.7 
. poſe, to move or ſtand ſtill) in a circular Orbit, but 2 Ap- 
Eccentrical ; that is, whoſe Center was at ſome Di- g,,amces. 
{tance from the Center of the Ecliptick, in which 
they placed either the Sus or the Earth; and this — 
circular Orbit, they ſuppoſed, was deſcribed by an 
equal Motion: And therefore, becauſe the Center 
of the Ecliptick was at ſome Diſtance from the 
Center of equal Motion, the Motion of either the 
Fun or Karth, ſeen from the Center of the Eclip- 
tick, would appear unequal. | | 

LET the Circle T S V repreſent the Eclip- Table 
tick, in whoſe Center is the Sun. MPNA the XXI. 
Orbit of the Earth, whoſe Center is C, diſtant from Fig. 2. 
the Center of the Ecliptick by the Line CS, which 
is called the Eccentricity. ' They ſuppeſed the Earth Eccentri- 
to move in this Circle with an equal Motion: And city what. 

| therefore 
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1 ſeen from C would not 
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therefore all the Angles deſcribed round the Point C 
would be proportional to the Times; and the Earth 
| to move flower in A 
than in P; but viewed from the Center of the Eclip- 
tick, becauſe at A it is farther diſtant than in P, it 
would appear to deſcribe leſs Arches in equal Times: 
And therefore when the Earth is in A, and a Spec- 
tator in it, obſerving the Sun in , he will find that 
he moves flower than when the Earth is in P, 
and the Sun is ſeen in W. And becauſe the Arch of 
the Circle MAN is greater than a Semicircle, and 
NP M leſs than one; it is evident that there is 
more Time required to deſcribe the Arch N A M 
than NP M. t in the Time the Earth is carried 
through the Periphery N A M, the Sun ſeems to de- 
ſeribe the Northern Semicircle of the Ecliptick, vix. 
V. S, 2; and while the Earth is moving through 
the Arch MPN, the Sun will ſeem to have gone 


through the other, or the Southern Semicircle , 
Vf, V. From hence the Reaſon is plain why the 


Sun ſtays longer in the Northern Signs than he does 
1a the Southern. | | | 


:, * 


The Deter- Upon theſe Suppoſitions they thus determined the 
mi nation: Eccentricity and Foſition of the Apſit. In the ſame 


of the Ec- Year obſerve the Moments of Time wherein the Sun 
centrici!ly enters both the Equinoctial Points, viz. the Vernal 


and Po- 
fition of 
the Ap- 
ſides on 
this Sup- 
peſition. 


to L, the Sun appears in N; and when it has arrived 


and Autumnal; as alſo the Place of the Sus in the 
Ecliptick in any other intermediate Time; which 
ſuppoſe to be in N, the Earth being really in æ. 
When the Earth is in the Point of its Orbit N, the 
Sun is ſeen in the Point Y; then the Earth coming 


in M, the Sun will be obſerved in tz. Draw to the 
Place of the Earth in L the right Lines SL, CL. 
Let likewiſe CM, MN, and CN be joined; and 
let CM, and SL, cut one another in O. By Ob- 
ſervations of the Places of the Sun, we have the 
Angle Y 5 Q, as likewiſe its Complement to two 
right Angles ze S V. Alſo by the Diſtance of the 
Time between the Obſervations we- have the Arch 
LM, or the Angle LCM, as alſo the Arch NAM, 
K | 


theſe 
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theſe being proportional to the Times; therefore we Lecture 
have likewiſe the Arch MPN, and the Angle MCN. XXII. 
In the Iſoſceles Triangle MCN, having the Angle 
MCN, we have likewiſe the two Angles at the 
Baſe M and N: But in the Triangle MO 8, we 
have the Angle MS Q, and the Angle M: There- 
fore we have alſo the Angle M OS, and LO C 
which is vertical and equal to it. Suppoſe L C, the 
Radius of the Eccentrick, to conſiſts of 100000 
equal Parts, then in the Triangle LOC, having all 
the ' Angles, and the Side LC, we can find the Side 
OC. But we know MC, which is equal to LC; 
therefore we have MO. In the Triangle MO S 
we have all the ' Angles, and one Side MO, and 
therefore we ſhall have OS. Laſtly, In the Tri- 
angle SOC, having 80 and OC, and the Angle 
SOC, Which is the Complement of the Angle 
SOM to two right Angles,” we ſhall find SC the 
Eocentricity, and the Angle OSC; to which add 
the Angle 80, and we ſhall have the Angle 
MS A, or the Arch V; which ſhews the Po- 
ſition of the Aphelion, or its Diſtance from the Equi- 
nogtial Point x. | Gl 

By this Method the Antients found the Eccen- 
tricity ta be 3450 of ſuch Parts as the Radius of 
the Eccentrick was 100000; from which they eaſily 
calculated the Motion and Place of the Sun for any 
given Time; in the Manner following. In the Or- 
bit of the Earth, let AP: be the Line of the Apſider, 
and ſuppoſe the Earth at L deſcribing its circular Or- 
bit; the Arch AL, or the Angle A CL proportional 
to the Time, will be the Earth's mean Anomaly, as 
the Arch of the Ecliptick æ, or the Angle W 8 
= is the true Anomaly. Having now the mean Ano- 
maly, we have its Sine LQ, and its Co-line CQ, 
to which add the known Eccentricity, and we ſhall 
have SQ. Say, as SQ is to LQ, fo is the Ra- 
dius to the Tangent of an Angle, which is QS L, 
which therefore will be known. Or thus: In the 
Triangle SCL we have the Sides SC and my 
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Lecture and the Angle SCL, the 4 of the mean 
XXII. Anomaly to two nm Angles: Therefore we can 
find > Angle LSC, of LSA, the true Anomaly: © 
for as CL+CS: CL-CS:: Tangent of half 
the Angle LCA to à Fourth, which will. be the 
Tangent of half the Difference of the Angles CSL 
and CLS: And becauſe 8 C and CL are given 
and conſtant ntities, the Difference of the Lo- 
garithms of CL CS and CL— Cs will be a 
conſtant N. and if it be always ſubtracted 
from the gent of half the Angle LC A, 
K we ſhall have — Lag. Tangent of half the Dif- 
ference of the Angles CLS and CS L. But we 
have their Sum, and conſequently the Angle LSA 
will be known; which ſhews bs Place of the Earth 
in the Ecliptick, ſeen ſrom the Sun; and the Point 
oppoſite is the Place of the Sun, ſeen from the Earth, 
In the firſt half Circle of Anomaly. ALP, the nets 
Anomaly ACL is greater than the 
ASL, For the external Angle AC "gra 
than the internal and oppoſite "ASL: And if from 
the mean Anomaly ACL you take away the Angle 
CLS, there will remain the Angle LSC, the = 
Anomaly. In the ſecond. Semicircle | of - Anomaly, 
the mean Anonaly is leſs than the true. For ſup- 
poſe the Earth in R, the mean Anomaly is the Arch 
APR; or,' caſting away the Semicircle, the Arch 
PR, or the Angle PCR: But the true Anomaly 
rejecting the Semicircle is PSR, which is equal to 
PCR and CRS. Therefore if- to the: mean Ano- 
maly we add the Angle CRS, we ſhall have the 
true Anomaly PSR, — the Place of the Earth in 
the Ecli The Angle CLS or CRS is cal- 
2 or Prot eren becauſe ſometimes 
and Proſt- it is tobe added, ſometimes to be ſubtracted from 
haphzre- the mean Motion, that we may have the true Mo- 
ſis. tion or Place of the Earth. 
Tuis Theory of the Antients axſecred: well 
enough to the apparent Motions of the Sun, which 
were founded on Obſervations that were not very 
5 f accurately 
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accurately made. But it was evident, from Obſer- Lecture 
vations of the other Planets, that their Motions XXII. 
could not be accounted for by ſuch a Theory. Ad 
even in the Sun itſelf there is a Phenomenon, which The Theory 
is not to be explained by the Theory of the Ancients, 97 Iibe An- 
but clearly overturns that Theory, and proves it to cini no? 
be falſe, viz. By the moſt accurate Obſervations we . 

+ find, that the appareut Diameter of the Sun, when 
he is in his Apogeon, is 31 29“; in his Perigeon it 
is 32' 33”, but the apparent -Diameters are recipro- 
cally as the Sun's Diſtances, From whence we find, 
that the true Diſtance in the Apogæen is to the Di- 
ſtance in the Perigeon, as 1953 is to 1889, or as 
101661 is to 98339 ſo that the Eccentricity is but 
1661 of ſuch Rs whereof the Radius of the Ec- 
centrick is 100000, The Theory of the Ancients 
makes the Eccentricity above double of this. And 
therefore that Theory muſt be falſe, which ſuppoſes 
ſo great an Eccentricity: For if we ſhould allow but 
one half for the Eccentricity, that would better an- 
fwer to the apparent- Diameters of the Sun, when 
they are nicely obſerved: But then, on the other 
Hand, ſo ſmall an Eccentricity would not account 
for the Inequalities of the Sun Motion, making the 
Center of the Eccentrick 'the Center of the 'middle 
Motion; for by computing we find the Equations or 
Proſthaphereſes twice as great as what they would 
amount to with half only of the Eccentricity of the * » 
Ancients: And therefore it is plain, that this Theory 
of the Ancients muſt be falſe. 

Tux fagacious Kepler obſerving this, ſhewed that Kepler's 
the Eccentricity was indeed to be biſected; but ſo, Correction 
that the Center of the Eccentrick was in D, in the of i. 
middle Point between the Sun and the Point C; 
from which C, if the Motion of the Earth were 
viewed, it would appear equal. This Point C, which 
was diſtant from the Center of the Eccentrick by 
half the Eccentricity of the Ancients, was called 
the Center of the middle Motion; becauſe from it 
the Motion of the Earth would always be ſeen in a 


9 mean 


Lecture mean Motion between its 


— 
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quick and flow Progreſs in 
the Ecliptick. | 


Tis true, Copernicus, and many other Afironomers, 
thought it abſurd to ſuppoſe the Earth catried ina 
Circle, whoſe Center was not the Center of the 
equal Motion; for then the Earib's Motion muſt 
not only be in Appearance, but really in itſelf un- 
equal; and in ſome Parts of the Periphery of its Or- 
bit it would move faſter, in other flower, contrary 
to their eſtabliſhed Maxim, of having all'the Motions 
perfectly uniform. | 

Bu r Kepler, when he had demonſtrated that Mars, 
and the other Planets, were not carried round the 
Sun in circular, but in elliptical Orbits; and that 
the Sun was in one of the Fact of thoſe Ellipſes ; and 
that the Planets, in moving round him, did ſo regu- 
late their Motions, that * or Ray drawn from 
the Sun to the Planet, did ſweep an Elliptick Area 
or Space, always proportional to the Time the Pla- 
net moved, he thought it but reaſonable to ſuppoſe 
the Earth, in turning round the Sun, ſhould obſerve 
the ſame Law, and be carried likewiſe in an elliptick 
Orbit. This Theory anſwers exactly to all Ap- 
pearances; but it follows from it, that there are no 


* - * Centers of equal or middle Motion, from which the 
Nile Planets can be ſeen to deſcribe Angles proportional to 


the Times, And therefore many A/tronomers, ſtill 
adhering to the Opinion that there were Centers of 
equal Motion, rejected this Theory of Kepler's, but 
for all that they retained the elliptick Form of the 
lanetary Orbits, And becauſe in the Axis of an 

llipſe there are two Points equally diſtant from the 
Center, which are called the Foci, in one of which, 
they, with Kepler, placed the Sun; the other, which 
was diſtant from the Sun the double of the Eccen- 
tricity, they imagined to be the Center of equal Mo- 
tion, and round it they ſuppoſed the Planets to de- 
ſcribe Angles proportional to the Times; which, in- 
deed, in Ellipſes, that are not very eccentrical, is 
nearly true, as Kepler himſelf acknowledges, and 8 
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ſhall hereafter demonſtrate, This Hypotheſis they Lecture 
liked the better, becauſe there was no direct or geo- XXII. 
metrical . Method in the Theory of Kepler, to find 
out the true Anomaly from the Mean; which, by 

the other Theory, they could eafily find. Upon the 
Account of this Deficiency of Method, many A/tro- Kepler's 
nomers objected to Kepler «ywprrgnrier or want of Tr 
Geometry in his Theory; and rejecting it, went upon feemed 
other Hypotheſes, which did not ſo well agree with „ 
the true Laws of Nature, and they feigned, that in —_ 
each Orbit there was a certain Point for the Center 

of equal Motion, round which the Planets deſcribed 

Angles proportional to the Times: But fince the 
Theory of Kepler is that which does really obtain, 

and only has Place in Nature; and all Obſeryations 
declare, that the Planets do really regulate their Mo- 

tions by its Laws; it is not to be rejected upon the 
Account of a Want in Geometry, nor is the Fault 

to be laid upon the Theory, which is rather to be 
imputed to the Unſkilfulneſs of the Afronomers in 
Geometry, We therefore, that we may remove this 
Blemiſh of want of Geometry for the future, in the 
following Lecture will ſhew a direct Method of find- 

ing the true Anamaly of a Plaget, from its mean 
Anomaly given, 
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LECTURE XXII. 


* Of the Motion of a Planet in an Ellipfe, 
and the Solution of Kepler's Problem 
about the cutting of the Elliptick Area. 


5 HE Great was the firſt who de- 
monſtrated, that the Planets did not 
"Th move in circular Orbits, but that they 
RISES. were carried round the Szn in elliptical 
ones; all which had one common Fo- 
cus, in which the Sun reſided: And 
that the Planets in their Motions conſtantly obſerved 
a certain Law, viz. that a Ray or Line, reaching 
from the Sun to the Planet, did ſweep elliptical Spaces 
that were proportional to the Times. 
By Ke- TH1s admirable and divine Invention of the 
pler's The- ſagacious Kepler, was owing to the exact Obſerva- 
ory Sir tions of Tycho Brabe; and is ſo much more to be 


Hazc a ; , 
3 valued, ſor that by the Help of it, the moſt incom 


4 parable * Sir Jſaac Netten diſcovered 
2 oof the univerſal Laws of Motion, the Syſtem of the 
Ce, Univerſe, and the whole Body of the Celeſtial 
the Planets Philoſophy, which was intirely unknown before. 
' Motions, Kepler alſo demonſtrated, from Obſervations of 
the Motions, that in all the Planets their periodi- 

The Pre. cal Times were in a ſeſquiplicate Proportion of 
— their mean Diſtances. from the Sun, or of the 
0 _ greater Axis .of the Ellipſes, which are equal to 
88 twice the mean Diſtances; that is, the Squares of 
their Di. the periodical Times are conſtantly as the Cubes 
flances of _” Axes: And therefore, if in two dif- 
fiund out ferent Ellipſes the greater Axes be called A, a, 
by Kepler, . their 
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their periodical Times T and :; then we ſhall Lecture 
have Heir Analogy I: *:: A*: 435, and T: t:: XXIII. 
A3: f. | | " 

Hence it follows, that in different Ellipſes, the | 
Areas, deſcribed by two Planets in the ſame Time, 
are in ſubduplicate Proportion of the Parame- 
ters or Latera refta of the Ellipſes; which I thus 

ove. It is known from the Property of the 

llipſe, that its Area is as the Rectangle under 
the two Axes of it; that is, if the two Axes 
of the greater Ellipſe be called A and M, and 
the two Axes of the ſmaller Ellipſe be called 4 
and m; the Area of the greater Ellipſe will be 
to the Area of the leſſer, as a AN Mü is to a x m. 
And therefore, when we are ſpeaking of the Pro- 
portion of the Areas, we may put theſe Rectan- 
gles inſtead of the Areas. In the greater Ellipſe The Areas 
call the Area deſcribed in a given Time X, the 4:/cribedin 
Area deſcribed in the lefſer Ellipſe in the ſame the ſame 
Time x, and the Time given in which they are Time in 4 
deſcribed y; the Latera rena of the Ellipſes call, 
L and i, the periodical Times T and t. From ©, 4 
the Theory above explained ig follows, that X: 3 
A. Xx M: :: T, alſo that axm:x::t:y. fecta o/ tbe 
And therefore, by Equality of Propotion, n Ellipſer. 
beXxaxm:xXAxM::t:T:: *: A*. But 
ſince the leſſer Axis is a mean Proportional between 
the greater Axis and the Latus reftum, M will 


1 
be = A? x L., and m=04* x PF: And therefore 
4 1 „ 
XX H: x Xx A L*::a*: A. And therefore 
X x: x x L*:: 1: I; that is in Proportion of 
Equality: And therefore x:: : L: H. And 
therefore, in different Ellipſes, the Areas deſcribed 


in the ſame Time, are as the ſquare Roots of their 
Latera rec ta. | | 


SINCE therefore the Law, by which the Planets 
regulate their Motions, is the equal or uniform De- 
ſcription 


4 
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Lecture ſcription of the Areas, it is impoſſible that the Pla+ 
XXIII. nets can every where move with the ſame uniform 
— Me oay 4 but it muſt conſtantly be changed: So that 
' going from the Perthelion to the Aphelion, they muſt 
The Velo- conſtantly ſlacken their Pace; but as they deſcend 
city every from the Aphelian to the Perihelion they muſt again 
where re. quicken their Motions: And in the Aphelion they 
ciprocal '% have the floweſt, in the Peribelion the quickeſt" Mo- 
_ e tion: And the Velocity will be every where recipro- 
Pig +. cally as a Perpendicular that falls upon a Right Line 
paſſing through the Planet and touching the Orbit. 
Plate xX I. Let DA F be an Ellipſe, whoſe Focus is 8; and ſup- 
Fig, 3. ſe the Arches A B, @b thereof to be gone over 
2 the Planet in equal Times that are excecding 
ſmall, the Triangles S A B. and 8 a b will be equal ; 
for they are the Areas that the carrying Ray deſcribes 
in equal Times. From the Focus S let fall on the 
Tangents the Perpendiculars 8 P, Sp, and the Tri- 
angle SAB will be equal to+SP x AB: So like- 
wile the Triangle 8 ab will be equal to$Spxab: 
And therefore SP :Sp::ab: AB: But AB and 
a bh, ſince they are Lines deſcribed in the ſame Time, 
are as the Velocities: Wherefore the Velocity in As 
to the Velocity in a, as Sp is to to SP, the Perpendicu- 
lar. Mr. De MAseiure, in the Philoſophical Tranſa#iogs, 
Ne 352, has likewiſe demonſtrated the two following 

Theorems concerning the Elliptick Motion, 


THEOREM 1. 


ATheo- LET APB be the elliptick Orbit, in which ſup- 
rem 10 de- poſe a Planet to move round the Sun in the Focus &. 
termine the Let C be the Center of the Ellipſe, C B half the greater 
Preportion Axis, C D half the leſſer, and F the other Focus, The 
of the Je. Planet being in P, draw the right Lines SP, FP; 
docity. then the Velocity of the Planet in P, quill be to the Ve- 
Table hocity in its mean Diftance'S D, in a ſubduplicate Pre- 
F portion of its Diſtance I E from the Focus Fs to its 
S. 7 Diftance & P from the Focus 8. | 
Lew the right Line EPG touch the Ellipſe in 
P, and from each of the Foci on the Tangent let im 


S:* 


i.” _ was? a. a a= 


Ld 


duplicate Proportion of the Diſtance from the Sun; 
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the Perpendiculars 8 E, FG; and let SH be Lecture 
na Perpendicular on the Tangent D H. The Velo- XXIII. 
city in P is, as we have fſhewed, to the Velocity... 


in D, as 8 H is to 8E: And therefore the Square 


of the Velocity in P is to the Square of the Ve- 
locity in D, as SH ſquare or CD ſquare to SE 
ſquare ; that is by the Nature of the Ellipſe (be- 
cauſe CD ſquare is equal to S Ev FG) as SE 
x FG is to SE Square, or as FG to 8E. But 
becauſe of the equiangular Triangles F G is to 


SE, as FP is to SP: Wherefore the Square 


of 'the Velocity in P, is to the Square of the Ve- 
locity in D, as FP is to SP: And conſequently, 
the Velocity in P, is to the Velocity in D, as 


FP is to SP, which was to be demonſtrated, 


THEOREM II. 
THe Radius is to the Sine of the Angle 


SPE as PNP to CD. For SP Square is to 


SPxFP::SP:FP::SE:FG::SE fquare: 


S Ex F G:; S E ſquare: CD ſquare. And by Al- 
ternation of Proportion S P ſquare: SE ſquare:: 


SPT FP: CD ſquare: And cherefore SP: S E:: 


PIT P: CD: But 8 P: S : : Radius to 
the Sine of the Angle SPE. Therefore as the 
Radius is to the Sine of the Angle SPE, fo is 


SSP x FP to CD, which was to be demonſtra- * 
ted. 
W's have already ſhewed the Proportion by which 7: a»gu. 


the abſolute Velocity increaſes or decreaſes: But we Jar Velo. 
have another Theorem for determining the angular city at the 


Velocity, or the Angle which a Planet, ſeen from Sun 7s as 
the Sun, will appear to deſcribe in a ſmall Particle 4% Square 


of Time: For it is every where reciprocally in a T Di- 
Aances re- 
which I thus demonſtrate. At the Center 8, at 9 


the Diſtances SB, Sb deſcribe the ſmall Arches BE, Fig. 3. 


'be, where AB, 3 are the ſmall elliptick Arches 


deſcribed 
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Lecture deſcribed in equal Times: In SB take 8 m equal to 
XXIII. $6, and draw the ſmall Arch mn: And the angular 
Wand Velocity in b is to the angular Velocity in B, as the 
Archbe is to the Arch mn: But the Proportion of 
be to mn is compounded of the Proportion of be 
to BE, and of BE to mn. And becauſe the Tri- 
angles BSA and 58 @ are equal, be will be to BE 


as 8B is to 83. And becauſe the Arches BE and 


mn are ſimilar, BE is to mn likewiſe, as SB to 

Sm, or as SB to S: Wherefore the Proportion of 

be to mn is compounded of the Proportion of 8B 

to Sb, and again of 8 B to 85; that is, the angu- 

Jar Velocity at b is to the angular Velocity at B, as 

the Square of SB is to the Square of 8, that is, re- 
ciprocally as the Squares of the Diſtances. 

The Argu- Bur to explain more clearly the Inequality of 

lar Velocity the Planets Motions and the various Increaſe and 

of a Pla- Necreaſe of their angular Velocities, it will be re- 

net com- quiſite to compare their ' Motions in different Points 

pared with of their Orbit, with an equal and uniform Motion 

an equal of 1 Body moving in a Circle, Let therefore the 

Vehcily of Ellipſe AE BF be the Orbit of a Planet in whoſe 

| — 1 Focus is the Sun 8. Its greater Axis AB, and leſſer 

"C2. OQ. At the Center S and Diſtance SE, which is 

Plate XXI. a mean Proportional between AK and OK, the 

Fig 4. two Semiaxes, deſcribe the Circle CE GF. The 

Area of this Circle will be equal to the Area of the 

i Ellipſe, as it is eaſily to be demonſtrated from the 

Nature of the Ellipſe: And let us ſuppoſe a Point 

to move with an uniform or equal Motion thro? the 

Periphery CE GF, in the ſame Time that the 

Planet deſcribed the Ellipſe: And when the Planet 

is in its Aphelion A, let the circulating Point be in 

C, in the Line of the Apſides. The Motion of this 

Point will repreſent the equal or middle Motion of 

the Planet, and the Point will deſcribe round 8 Areas 

or Sectors of Circles, which are proportional to the 

Times, and equal to the elliptick Areas the Planet 

at the ſame Time deſcribes. Let now the equal 

Motion or the Angle round S proportional 2 

: WD 2 ime 
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Time be CSM; and take the Area ASP, equal to Lecture 
the Sector CS M; and then the Place of the Planet XXIII. 
in its own Orbit will be P, and the Angle MS Db. 
the Difference between the true Motion of the Pla- 
net and its mean Motion, is the Equation or Pro/t- 
haphereſfis': And the Area AC DP will be equal to 
the Sector DS M, and conſequently, proportional to 
the Proſthapherefis; and conſequently, where this The Area 
Area is biggeſt, there the Pro/thaphereſis, or the E- propor- 

quation, will be biggeſt : But the Area is biggeſt in lena! 70 
the Point E, where the Circle and the Ellipſe cut 4% Prolt- 
each other, For when the Planet deſcends further bah 


to R, the Equation becomes proportional to the Dif- , , 


Equation is 


ference of the Areas ACE and ER, or to the 
Area GBRm. For when the Planet is in R, let e. 
V be the Place of the Point moving uniformly in 
the Circle, the Sector CSV will be equal to the El- 
liptick Area AS R: And taking away the common 
Spaces, the Area ACE leſs the Area RE n is equal 

to the Sector VS m, or to the Equation, 

In the Perihbelion the equal Motion and the true 
Motion of the Planet coincide ; for the Semicircle 
CECG is equal to the Semi-ellipſe AE B. But af- 
ter the Planet "departs from the? Perihelion B, its 
Motion is conſtantly quicker, and it goes before the 
Point moving equally with the mean Motion, For 
let the Angle s be. proportional to the Time, 
take the Area BS, equal to the Sector GS, . 
and Y will be the Place of the Planet in its Orbit; 
and the Angle BS will be greater than the Angle 
GSZ; and the Area GBV L will be equal to the 
Sector ZS L, whoſe Angle is the Equation : And 
where the Area GBY L is greateſt, there the E- 
quation is the greateſt ; that is, in the Point F, where 
the Circle and Ellipſe cut one another. In A the Where the 
Velocity of the Planet is, the leaſt of all, becauſe the Velocity of 
Diſtance 8 A is the greateſt; from thence the Pla- 2 Planet is 
net deſcending to its Perihelion, its Velocity will con- 44ſt. 
ſtantly increaſe; but it will till be leſs than 
the mean Velocity, till it comesto E, the — 

o 
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Lecture of the Ellipſe and Circle: And there its Velocity be- 
comes juſt equal to the mean; which I thus prove. 
I When the Planet is in E, let the Point going with 
Where its the equal or mean Velocity be in 1 and the Areas 
Velocity is deſeribed round 8, in the ſame infinitely ſmall Time, 
equal fo the he a SE, and the Sector i m, which will be equal. 
an. And therefore h Ex ES is equal to i m N ms: And 
therefore, becauſe 8 n and SE are equal, 5 E and 
in muſt be equal; and the Angle 8 E will be equal 
to the Angle 18 m. At the Point therefore E, the 
angular Velocity of the Planet is equal to its mean 
Velocity; the Planet going from E, and approach- 
ing ſtill nearer to its Perihelion, the Velocity grows 
Where the bigger than the mean Velocity; and its Diſtance 
Velocity is from the Sun being conſtantly decreaſing, the Velo- 
greatefl. city will continually increaſe, till it comes to the Peri- 
helion, where it is the greateſt of all, becauſe the Di- 
ſtance SB is the leaſt of all. The Planet departing 
from thence, and aſcending to the Aphelron, it leaves 
the Point, which proceeds conſtantly with the mid- 
dle Motion, behind itz but as it goes farther off 
from the Sun, its Velocity decreaſes, but is ſtill big- 
r than the mean Velocity, till it comes to F, the 
oint of Interſection of the Ellipſe and the Circle, 
where the Planet's 2 Velocity is again equal to 
the mean angular Velocity; and when it has paſſed 
that Point, its Velocity becomes leſs than the mean, 
ey and conſtantly diminiſhes till it arrives at the Aphe- 
lion, where it is the leaſt of all; its Diſtance from 

the Sun being then greateſt of all, 

Stex therefore each Planet in different Parts of 
its Orbit has different Degrees of Velocities, and 
the only Equality which is obſerved in its Circula- 
tion round the Sun, is the equal Deſcription or In- 
creaſe of the elliptick Area, which grows bigger 
uniformly with the Time; to determine the Place 
of a Planet in its Orbit at any given Time, we muſt 
take an elliptick Area that is proportional to the 
Time. And to do this, it is neceſlary to ſolve the 
following Problem. ZE 


1 FFF 5+ aw 1 e ® 
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K EPL ERG PROBLEM. — 


To find | the Pofition of a Right: Line, 
which paſſing through one of the Foci 
ef an Ellipſe, ſhall cut off an Area de- 


' "ſeribed by its Motion, which ſhall be to 


the whole Area of the Ellipſe in a given 


E T the Ellipfe be A PB, whoſe Preur is S. 1 Tab. xxl. 
L thuſt find the Poſition of the Right Line 8 P, Fig. 5. 


which cuts off the trilineal Area ASP, to which the 
whole Area of the Ellipſe has the ſame Proportion 
that the periodical Time of the Planet has to any 
other given Time; which Poſition being found, we 
ſhall have the Place the Planet is in at the given 
Point of Time. Or let AQ be a Semicircle, de- 
ſcribed 6n the greateſt Axis of the Ellipſes ; we muſt 
draw from 8 the Line SQ, which ſhall cut off the 
Area ASQ); to which the Arei of the whole Cir- 
cle is in the above-mentioned Proportion.” -For by 
ſuch a Section of a Circle, the Section of the Ellipſe 
is eaſily* found out, by letting fall from the Point 
Q a Perpendicular on the Axis AB; which will cut 
the Ellipſe in the Point P required, to which draw 
the Line SP, and it will be the Right Line which 
divides the Area of the Ellipſe in the given Propor- 
tion; ſo that P will be the Place of the Planet: For 
the elliptiek Segment APH is to the circular Seg- 
ment AQH, as HP is to HQ; that is, as the 
Area of the whole Ellipſe is to the Area of the whole 

Circle, as is known from the Nature of the Ellipſe : 

But the Triangle SPH is to the Triangle SQ H, 
in the very fame Proportion by Prop. 1. El. VI. 

And therefore, by Prop. 12. El. V. the elliptick 

Area ASP is to the circular Area ASQ, as 

the Area of the whole Ellipſe is to the whole De : 

nd, 
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And, by Alternation, the Area ASP is to the whole 
Ellipſis, as the Area ASQ is to the Circle, Hence, 
if we have a Method cf drawing thro' 8 a Line 
which will cut the Area of the Gircle in a given 
Proportion, it will be eaſy to cut the Area of the 
Ellipſe in the ſame Proportion. 4 X 
 EepLEr, who firſt propoſed the Problem, knew 


no direct Method of computing the Planet's Place 


from the Time; and expreſly tells us, that there was 
no direct Way of finding, from the Time given, the 
true Anomaly of . the Planet,. or its Place in its Or- 
bit. And therefore he found it neceſſary to go thro' 
every Degree of the Semicircle AQB; and to 
ſearch from the Arch AQ, which he called the 
Anomaly of the Eccentrick, the Time which was ex- 
preſſed by the Area AS Qs which is proportional to 
the mean Anomaly ; as allo the Angle ASP, which 
gives the true Place and true Anomaly of the Planet, 
which he computed by Calculation. And therefore, 
becauſe he could not directly and geometrically ſolve 
the Problem, ſome Aftronomers objected to him an 


eyiwprrgaria or want of Geometry; and that he was 
ſo fond of phyſical Cauſes, that he had departed from 


Geometry; and they blamed his A/ronemy, as not 


being geometrical, ſince it was founded on ſuch a 
Theory. And therefore that they might eſcape 


other Hypotheſes, and ſeigned a Point round which 
the Planet's 


the e of ſuch à Fault, they went upon 


otion ſhould be equal, or the Angles 
proportional to the Times: And from thence, the 
mean Anomaly being given, they calculated the 


true Place of the Planet. But the Calculations 


founded on theſe Fypoth:ſes were found not to 


anſwer Obſervations: For there is really no fixed 
Point which is the Center of equal Motion, round 


which the Planets deſcribe Angles proportional 
to the Times: and the only Theory, that an- 


ſwers all Obſervations, is that above explained of 
Kepler. And therefore, the Aftronomers muſt now 


for ever embrace this Theory of Kepler, ſince it 


not 
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not only agrees perfectly with the Motions of the Lecture 
Heavens, but alſo lays moſt elegantly open the Cauſe XXIII. 
and Source of all thoſe Motions. ler himſelf va 
lued this Theory ſo much, that he choſe rather to 
take up with an indirect Method of Calculation, 

than contrive another Hypotheſis that was not agreeable 
to the Nature of Things; and for this the ableſt Judges 
were not diſpleaſed with him. Therefore to take 
away this Blemiſh of want of Geometry out of our 
 Aflronomy, we will bete ſhew a direct Method by 
which the Area of an Ellipſe, or of a Circle, which 
is equivalent, may be cut in a given Proportion. 
LeT AQB bea Semicircle whoſe Diameter is the 
| 2 Axis of the Ellipſe; its Center C, and 8 the 
ocus of the Ellipſe in which the Sun is placed. 

\ Thro? the Place of the Planet imagine a Perpendicu- Aaple 
lar QH to be drawn to the Axis, meeting with the XXI. 
Circle in Q: Tben the Area ASQ will be to the Fig. 6. 
whole Circle as the given Time is to the periodical 
Time of the Planet. Draw CQ, and from 8 let 
fall upon it, produced if required, the Perpendicular 
SF: The Area ASQ is equal to the Sector AC Q 
and the Triangle QSC; that is, equal+ QC x 
AQ+EQCxSF. And therefore, becauſe 1 QC 
is a conſtant Quantity, the Area ASQ will be al- 
ways proportionable to the Arch AQ +, the right 
Line SF, when the Motion is from the Aphelion to 

the Perihelion : But when the Planet aſcends from the 
 Perihelion to the Aphelion, the Area BSꝗ is equal to 5 
the Sector B C- Triangle CSq: And therefore it 
will be proportional to the Arch BS the right 
Line Sf. Hence, if we take the Arch AN or BA 
proportional to the Time, A Q+SF will be equal 
to AN, or By—Sf=Bn; tor then AN and 
ö OS will be proportional to the Areas ASQ and 
9 
HENCE, if we have the Arch AQ, and add to 
it the Arch QN, which is equal to the right Line 
SF; the Arch AN will be proportional to the Time, 
or equal to the mean Anomaly of the Planet; and 
therefore, if we have the true Anomaly of a Planet, 
we 
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we 8 eaſily find the Mean, or the Time. For 
let or be to SC as 57, 29578 (which Number 
exp 


the Length of an Arch in Degrees and 


Parts of a Degree that is equal to the Radius) to a 


fourth Number; and we ſhall have an Arch equal to 
SC in Degrees and decimal Parts, Call this Arch 
B; and becauſe SC is to SF, ay the Radius is to 
the Sine of the Angle SCF or AC Q ſay, As 
the Radius is to the Sine of AC ſo is the Arch 
B to a Fourth; and then we have, in Degrees 
and decimal Parts, an Arch in the Periphery A QB, 
which is equal to the right Line 8 F: And becauſe 
SF is equal to QN, we have the Arch QN, and 
2 the Arch AN, which is proportional to the 
ime. 

Lr us explain this by Examples in the Orbit 
of Mars. The Eccentricity of this Orbit is to its 
mean Diſtance as 14100 is to 152369. And there- 
fore the Logarithm of the Arch B, which is equal 
toSC is 0,7244446: And therefore, if we would 
have the mean Anomaly when the Anomaly of the 
Eccentrick is one Degree, add the Log. Sine of 1 
Degree to the Log. of B, the Sum is 8,9662999. 
This being the Log. of the Number 0,092533, ex- 
preſſes the Length of the Arch QN in decimal Parts 
of a ree. And therefore the Arch AN, or the 
mean Anomaly, is 1,092533 or 1* 5 33, In like 
Manner, if the Anomaly of the Eccentrick be 30“, 
to its Log. Sine add the conſtant Log, of B; and the 
Sum will be 0,4234146, which is the Log. of the 
Number 2, 651; and therefore the mean Anomaly 
AN anſwering to 30 Degrees of the Eccentrick 
Anomaly, is 32,651, or 32“ 29 3“. This Method 


is much quicker and eafier than that which Xapler 


gives; where, by an indirect Method, and the Rule 
of falſe Poſition, he ſhews how to compute the true 
Anamaly from the Mean. 

LET us now come to the Method I promiſed, 
of directly finding the true Anomaly from the 


Mean. In the Figure, let the Arch AN be the 


mean Anomaly, or proportional to the Time ; 


AQ 


4 © AMD > CT 


18 
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K AQ the Auma of the Eccentrick which is to Lecture 
C be found. Call the Arch NQ y, and the Sine of XXIII. 
d AN call e, and Co- ſine /; and let the Eccentricity Gnyouad 
a SC be g. The Sine of the Arch AQ. is equal to the 
o Sine of the Arch AN—NQ, equal to the Sine 
i of the Arch AN, But we have demonſtrated 
o in the Elements of T6 ry that if the Sine 
- of the Arch A N be 2, the Sine of the Arch 
: AN—y, or of AQ, vb. — . —L 
- + pee But the Radius which is, , is to 
e the Sine of the Arch AQ, as 8 C or g is to SF or 
it NQ that is toy: And therefore y = ge — £2. 
ts : | 
= MAE >. Ay . + L tee. And therefore we 
1 1.2 I. a2. 3 1.2. 3.4 
d ieee ee. 
e bare AA TY Tan 1.4.3 1.2.3.4 
1 
- Kc. Let g= e and 1 +fg call a, = 
- k . 
's 71 and i= 4 And the Equation 
Ec I.2.3 2. 3. 
e will be in this Frms= ay t — yt + d pf 
g &c. And therefore, by the Method of Reverſion : 
4 of Series, invented by Sir IS AAC NEFTON, 
Ee ; + 52 
4 we have y = = — — 
4 1 Sy 4.2 X 27, &c. But becauſe 
. Per 2 
: b= ZA = 5-- we ſhall vey == 
we nn EE SED ic, But if the Arch AN 


2 43 4* 20 


be greater than rr and leſs than 270, then yg e 
* . = 


L 


This Series expreſſes the Arch N, the Parts 
whereof the Radius is . * to 3 in 
Degrees, and Parts of a Degree, ſay, as t ius 
is to this Series, ſo is 57. 29578, which are the De- 
grees of an Arch equal to the Radius, to a Fourth; 
conſequently, ſince the Radius is Unity, if we mul- 
tiply the Series by 57.29578, which Number call 
R, we ſhall have the Arch y in Degrees and deci- 


7 2 By 1 
mal Parts === DT bog . The very 


firſt 


Term of this Series = is ſufficient to deter- 


mine the Anomaly of the Eccentrick in almoſt all 
the Planets, nearly enough. For in Mars, the Er- 
ror ſeldom exceeds the 200th Part of a Degree; in 
the Earth it is leſs than the 10000th Part of a De- 
gree. But it will be beſt to ſhew the Uſe of this Me- 
thod by Examples. 

In the Earth's Orbit the Eccentricity is 0,01691, 
when the mean Diſtance CQ is 1. Suppoſe we are 
to find the Anomaly of the Eccentrick, and the equated 
Anomaly when the mean Anomaly is 30 Degrees. 


The Log. of Eccentricity is — 8,2281436 
The Log. Sine of 30 9,6989700 


The Log. of R —— — 1,7581226 
The Log. of R 9,68 52 362 


To 


The Log. of a ſubtract —— 0,0063137 


The Log. of the Arch — 9,6789225 
which anſwers the Number , 4744, or in 


ſexageſimal Numbers 28“ 38”: The reſt of the 
Terms don't amount to the 10000th Part of a 
Degree, and may therefore be neglected. If there- 


fore 


from 30 Degrees we deduct 28“ 38”, we ſhall 
| have 
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have the Arch A Q 289 37 22”, In the Triangle Lecture 
QCS, we have the Sides QC, CS, and the An- XXIII. 
gle = : Wherefore we Qe+ = the Angle — 
QSC. The Analogy is 8, or AS: 

QC - Cs, or BS: : Tangent CERES 


Tangent of 2 = S. Therefore, if from 


the Tangent of half the Angle ACQ we ſubtract 
a conſtant Log. 0,0146893, we-ſhall have the Tan- 
gent of an Angle, which, added to half the Angle 
AC Q, gives the Angle CSQ, or ASQ, which 
in the preſent Caſe, is 29%. 3. 7”. But to find plate xxl. 
y the Angle ASP, we muſt diminiſh the Tangent of the Fig. 5. 
Angle ASQ, in the Proportion of the bigger Axis 
4 of the 22 to its leſſer. Therefore, from the 
logarithmick Tangent of ASQ, take away the 
1 conſtant: Log. o, ooo, which is the Log. of the 
* Ratis of the greater Axis to the leſs, and we ſhall 
N have the Log. Tangent of the Angle A8 P; which 
8 Angle is equal to 299. . 54”. And this is the co- 
> equated | Anomaly. 4.4 ors s 
Ix the Orbit of Mars, the Ecxentrieity is 14 100 
of ſuch Parts as the mean Diſtance is 152369. And 
therefore, the Log. of the Ratio of SC to CQ, is 
8,9663226 = Log. of g. Let us find the Anomaly 
- the Eccentrick, when the mean Anomaly is 1 
kee. . 
: The Log. of Eccentricity” — — 3,9663226 
The Log. Sine of 1 Deg.ä— 28.5 
The Log. of R — — 1581220 


The Log. of R ⁵—: 3,9662899 
The Log. of @ ſubtrat—— 0, 0384200 


ms | w* 10 ww ws 


i OO) w 


* 


The Log of == 35275800 
| Fir/t, Tne Number anſwering this Log. is 
©,084097, and gives the Bigneſs of the Arch NQ, 


and the Error is leſs than the zooooth Part of a 
Degree, 


— I BOW NNN OOO 


Qa 


U 3 Sec ondly, 
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Lefore Secondly, Sup on the mean oma is 45 De- 
XXIII. grees, and J am to ſind the Anomaly of the Ec- 
3 wdentrick. "7 | 


The Log, of Ec@ntticity —— | 8,9604226 
The . Sine of 45? | — — , 494550 
The of. of R — 57581220 
The Log. of Rz- ——— 0,8739296 
The Log. of a ſubtract — 0,027 5249 


The Log of = .  0,5464047 
Ts which anſwers the Number 3,5189, which is 
e than the Truth, by about 150th Part of a 
ee: And to correct this Error, take the ſecond 


Term of the Series — N. 2 RN, which 


— . 


— — _ 


221 —IT | | 24a . 
wilt; be found equal to the Fraction 0, 065, and 
ſubtraſt this from the ficſt, there will remain 
3.124, which enpreſſas the Arch N Q true to the 
A Fart qſ a Degree. ALY eee 
birdly, Lx r us find out the Anomaly of the Ec- 
11 the mean — — is roo Degrees : 
this Caſe a =: 1 — gf = 0983930. | 
de Log iced, 22 8,9663226 
The Log. Sine of 100, or of 80% 9, 9933515 
The Log. of R 18 1,7581220 


The Log. of a ſub tract — 9,9929598 
7 | _ - ——— _—_— 
The Log. of Rs — 0,436; 


a 
The Number anſwering to this Log. is 5, 3068, 
which is greater than the Truth, by about the roth 
Part of a Degree; and therefore, to correct this 


Error, double the Log. of = and to the Product 
add the Log, of N, and we ſhall have the Log. 
of 
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of , and the Number anſwering to it, Kl 


o, 45 52, whoſe Half 0,02276 is equal to = 
| a 
This being ſubtrafted from the former, there 
will remain 5,2841 for the Arch NQ; which is 
nat the tooooth Part of a Degree diſtant from 
the Truth. Tis here to be obſerved, that though the 


ſecond Term of the Series be = KTL Rexz? 


2 a* 
yer the Part of it — © is ſufficient to determine 
AQ truly to the xo00oth Part of a 


Having found the Arch AQ, or the A 
ACQ, we compute the Angle 2 
ſolution of the Triangle QCS, whoſe Sides QC 
and CS are given, with the contained be- 
tween them; and then the rithm Tangent of 
the Angle ASQ. is to be dimini y taking from 
it the rithm of the Ratio of the greater Axis to 
the leſs: And then there will remain the logarith- 
mick Tangent of the Angle A%P, which is the 
true or cocquated Anomaly. 


Us LECTURE. 


8 LECTURE, vr. 


Sir: iS AAC NRW TON Solution "of 
22 5 Problem; and Ward's 3 


e UR Method of Solution, explained in 
che preceding Lecture, and that of Sit 
VP O | « BAA NEW T delivered: by him 
bis Principles, *pay. 101, are built 
Fr 7 en the ſame Foundation; which is, 
oy the) cight Line SF is equal in 
Legh: to * Arch QN :. But the Newtonian Me- 
thod-is. not unlike to that uſed by the Anaty/ts, when 
they extract dots of affected Equations: 
it is fo much mare to be valued, that it not only 
gives eaſily the Planets Places, whoſe Orbits are 
nearly circular, but almoſt with the ſame Eaſe it may 
be uſed to determine the Comets Places, who have 
very eccentrick Orbits, And this may likewiſe be 
performed by our Method, if inſtead of the Arch 
AN, we take another Arch A, more nearly equal to 
AQ, whoſe Sine is ; and inſtead of making 
2 e, ſuppoſe z=ge+A—AN, And find- 
ing the Sine of the Arch A + y we fhall come to 
an Equation of the ſame Form with the former, 
where z and y are much leſs, and conſequently the 
Series will converge much faſter, 

I will here explain the Newtonian Method, ſince 
it is of great Uſe and Expedition, for the Sake of 
thofe who are willing to calculate Tables upon Prin- 
ciples grounded on the true Laws of Motion, and 
not upon abſurd Hypotheſes, 

W have already ſhewed that if the Arch AQ, 
be the 4 of the Eccentrick, that, together 


with 


Ce 


2 


_ 
pticł 


ned in 
of Sir 
y him 
e built 
nich is, 
qual in 
n Me- 
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it may 
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Line SF let fall from 8 upon the Lecture 


Radius C Q perpendicularly, will be - XXIV. 
to the Time when the Planet deſcends from tber 


Aphelion to the Periheliom; and the Difference be- 


tween the Arch BQ and SF proportional to the Table 
Time, when it aſcends from the Perihelion to the XXII. 
Aphelion: And therefore, if we take the Arch A N Fig. 1. 


or BN proportional to the Time, the Arch QN 
will be equal to SF. Fherefore, to find in De 
grees and decimal Parts the Meaſure of an Arch 
in the Periphery which is equab to :SF: Say, as 
CQ is to CS, ſo is 57,29578 Degrees, which 
is equal to the Radius, to a Fourth: This Num- 
ber will expreſs the Bigneſs of an Arch in the Pe- 
riphery AQB which is equal to CS: The Toe: 
of this Arch call B. And becauſe SC is to SF, 
as the Radius is to the Sine of the Angle ACQ; 
ſay, as the Radius is to this Sine, ſo is the Arch 
whoſe Log. is B, to another, which call D; then 
this Arch D, will be equal to SF. And therefore, 
if at the given Time, the Arch AN and the Area 
ASQ are proportional each to the Time, and 1 

take NP equal to D, the Point P will fall on- Q: 
But if the Area ASQ be not exactly proportional 
to the Time, the Point P will either fall above or 
below Q, according as the Area ASQ is bigger 


or leſs than the Truth. Let the true Area be AS 75 5 


and upon Cg let fall the Perpendicular 8 E; which 
by what we have already ſhewed, is equal to Ne- 
And therefore SE —SF'or 8F— 8 E, that 
is, nearly the Line LE, is equal to P QP 
— Q or Q 4 —Q >. Now if the Angle 
QC 7 be ſmall, we have CE: CS:: LE: 
Qq9::QP—Q7:Q g, And therefore C E 
+Cqo:Cqo::QP:Q g After the ſame way, 
when B is leſs than a Quadrant, Cq C E. 
Cg :: QP Q. When the Planet is near the 
Aphelion or Paribelim; CE becomes nearly equal 
to CS; and CQ-+CE is almoſt the ſame with 
AS: And therefore QP: Q:: AS: AC, m__ 
| 


= 
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the, Arch. A 5 ia letz than u /Quadtaads bun wum 
B 4 is leſs n then as BB:; O:: 
QP ; Qs. Say, as GS: CQ:: R the Radius 16 


4 Line L, and then CQ= === Allo the 


This Me- 
thod illu- 
frat! by 
Examples. 


17 Ex. 


ample, 


Radios is to the Co- fine of ACQ as SC;CF 
or C E; which are nearly equal : ec 


CT = ä — whence we have the 


| | SCxL+SC AQ 
Analogy QP : Q9:: CALTSCAGLAQ 
CSYL':I +Ce-fine AQ: Ly en AQ i 
leſs than a Quadrant: But if it be greater than a 
Quadrant, C will be to Q:: L Codine 
A'Q, L. . And in this Manner, if there be an Arch 
taken as A 4, which is either à little leſs or bigger 
han the Truth, we ſhall fidd the Arch AQ, which 
is to be, added or ſubtrafted ; ſo that the Area 
A 80 * be nearly proportional to the Time. 
And, if i of. A Q, we take another Arch AQ, 
and argue as in the former Arch, we ſhall have a new 
It: nearer to the Truth: And by this Means we 
ſhall conſtantly approach to the true Arch, fo that the 
Difference. may be leſs than any given Quantity. 
- THERE is no need of explaining this hod 
any farther, we will only illuſtrate it with Ex- 
amples, in the Motions of the Planet Mart. In 
Mars's Orbit the Logarithm B, is o, 7244446; and 
the Longitude L, is 1080631 of ſuch Parts as the 
Radius is 100000. — | 
Le r us find the Angle AC Q, when the mean 
Anomaly or Arch proportional to the Time is 
only one Degree: | Becauſe CS is almoſt the tenth 
Part of CA. I ſuppoſe AQ to be 0,9 Deg. that 
is a tenth Part leſs than the mean Anomaly. Add 
the Log. Sine of o, g to the Log. B, and the 
Sum is 8,9205466 = to the Log. of the Number 
0,083281; this Number expreſſes the Bigneſs of 
an 


2 


LECTURES. | 
an Arch equal to 8 FNP: And if the Arch Lecture 
been equal to AQ, and QP o. But in the 

Caſe, QP is equal 0, 01601; from which, if 
take its tenth Part, becauſe AS is ter 
than AC, by about a tenth Part, we fhall have 
Q o, oro, which being added to AQ, gives 
Aq= , 91504. l | | EIT 
24%, Let the Arch AN, or the mean An- 2d Ex- 
mealy be 2 tees; I fuppoſe the Arch AQ to ample. 
be 1,83, almoſt double ef the former ; and adding 
to its Log. Sine the Log. B, the Sum is 9, 2286992, 
the Log. of the Number , 16931. And then 
QP=06,00669; from which, ſubtracting a tenth 
Part, Q is nearly = 0,00063, and A 1,83063, 
which is not the roocoth Part of a Degree different 
from the Truth. C | ROT 
34h, Su rrosz the Arch p onal” to the 34 Ex- 
Time, to be three Degrees, I take A Q tobe 745 ample. 
= 1,93+6,9f5; and to its Sine, adding 
| H, ve have the Loy. of Number 025392 
2 „ td AN- NPS 2, 74638, there 
Q o, oo nearly, and A g = 2,746: So that 
one Addition of two Logarithimy$,” we have the Ar 
Ag, true to the thoufandth Part of a : 
4thly, Now if we fhonld not proceed by ſingle De- 4% Ex- 
grees, but were to find the Angle AC Q, when the amp/e, 
mean Anomaly is much larger; for Example, 45%: ,, 
I make my Suppoſition, that the Arch AQ is 40 De- 
grees, and to its Log. Sine add the Log: B; the Sum 
Is 0,5320T2r, to the Log. of the Number 
3,4081, which Number ſubtracted from 45, leaves 
AN—NP= 41,5919, which exceeds the Arch 
AQ by 1,5919. And therefore, if we take as 
L Co-fine AQ to L, fo 1,5919 to a Fourth, we 
ball have the Arch Qq 1, 4865. And therefore 
A = 41,4865, which does not differ much above 
the thoufandth Part of a Degree from the Truth. 
But without this Proportion we might have found 
48 * taking an Arch which is fomewhat leſs than 
ANNP, but nearly equal to it. — 
a 
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which ſubtracted from AN gives 41, 4868, for a new 


gth Ex- 


ample, 


6th Ex- 


amp. 


had made A Q = 41,5, and adding its Log. Sine to 
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the Log. B we ſhall have another Arch NP 3, 5132, 


A. And this Arch is eaſier found, than by the 
former Proportion; and belhdes, comes nearer to the 
Truth, than the laſt Ag was. 

5thly, AFTER having found A 9, or the . Anomaly 
of the Eecentrick, that anſwers to the mean Au- 
maly of 45 Degrees; if we ſhould again proceed by 
ſingle Degrees, by only one Addition of two Lo- 


* we may find the Anomaly of the Eccen- 


trick to all the following Degrees of the Semicircle, 
-viz. when the mean Anomaly is 46 Degrees, I make 
AQ to be 42,4, Ti adding its Log. Sine to the 
Log. B, I find AN—NP 42,4249; to which, if 
I make the new 4 Pf Ber, I ſhall, have an Ag, 
which is not xoooth Part of a Degree diſtant from 


the true Anomaly, of the Eccentrick. So likewiſe, 


when the mean Anomaly. is 47 Degrevs, I take AQ 


43, 36 == to the former Ag + the Increment that ac- 
crues to it, by adding a — And adding the 
Log. B to the Log. Sine of 43,36, the Sum is the 
Log. of the Number 3, 640, which ſubtracted from 
AN, leaves AN NP 43,3598, equal to a new 
Ag: And this Arch is about the 10000th Part of a 
Degree, different from the true Anomaly of the Ec- 
centrick. 
6thly, Ir again, paſſing over the intermediate De- 
grees, I would find the Arch Ag, when the mean 
. is 100 Degrees; I make AQ equal 96 
E and adding its Log. Sine to the a kv 
B, the Sum is the Log. of the Number 55273, 
1 to N—NP=94,727. Therefore I put again 
A = 94,72, and. adding together its Log. Sine, 
the Log. B, I have of the Number 
2 which ſubtracted from A N, leaves A q= to 
944715. In like manner, when che mean Anomaly, 
is 101 Degrees, I make AQ 95,71; and I find 
NP to be 5, 2756, which ſubtra d from 101, 
leaves Aq 95,7244. And here again; if we pro- 
cced by NE we ſhall have the eccentrick 5M 
may 


oO oenealttns: SES 


tag. i "WY n 


1 


in 751 Years, Here AC or CQ, the mean 


and we ſhall have Qq=,004615, and the Arch 
| Bg=0,354615, and the Error deſs than ,0003 of a 
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maly, conſtantly by the Addition of two Logarithms, Lecture 
one of which being conſtantly the ſame, may be ſet XXIV. 
once down in a Piece of Paper by itſelf, and tber 
Labour ſaved of frequently tranſcribing it. 

Lr us now paſs to another Sort of Orbit, whoſe Zxample 
Eccentricity bears a great Proportion to its mean Di- in the Or- 
ſtance. For Example, let us ſuppoſe the Aphelion bit of a 
Diſtance to be to the Perihelion Diſtance, as 70 is to Comer. 


Tj and ſuch is nearly the Orbit of that Comet, 
which Dr. Halley firſt found to compleat its Period 


Diſtance, is 35,5, and CS is 34,5, of ſuch Parts as 

SB is 1. And the conſtant Log. B is 1,7457133. 

We muſt find the Arch Bg, when the mean Au- Table 

maly 133 — „ 15 13 1 a De- xxl. 
I ſuppoſe to be o, 35: To its Log. Sine, Fig. 6. 

add the Log of B, — the ** is the rage _ 

Number o, 34013, which added to the Arch AN, 

makes, 35013. If this Arch had been only 35, B 

had been rightly taken; but the Difference is 

o, oo 13. And therefore becauſe CB is to SB, as 

35,5 to 1; multiply the Difference, ,00013 by 35,5, 


Degree. Again, let the mean Motion be ,02, I put 
BQ=o,71, and adding its Log. Sine and B to- 
-gether, I have the Log. of the Number o, 68998, 

and BN+NP= ,70998: The Difference is »j 
'0,00002 ; which multiply by 35,5, and the Product 
ſubtracted. from B A, leaves Bq =0,7092, and 

the Error is not greater than the eu of a De- 
gree. If the mean Anomaly be 0,03, I make BQ 

= 1,06, and adding its Log. Sine to B, I have the 

Log. of the Number 1,03008, to which add the 
Arch BN; the Sum is 1,060088, which is greater 

than BQ: Wherefore, if the Difference ,00008 be 
multiplied by 35, 5, and the Product added to BQ, 

we ſhall have Bq= 1, 06284. In the ſame manner 
when the mean Anomaly is ,04, I ſuppoſe B A., 

1, 4, and 1 find PN r, 3604, to which adding , o4, 
* the 
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Lecture the Sum is 1, 4004, which exceeds 1,4 by ,0004 

XXIV. ew this DiEcencs by 35,5, and the Product 

| will be ,0142= Q q, and therefore B g = 1,4142, 

as In all theſe Examples the Errors are very ſmall, 
| ſeldom exceeding the 1000th Part of a Degree. 

Liar us now find the Anomaly of the Eccentrick, 
when the mean Anomaly is one Degree. Here I make 
Byq = 20 Degrees, and adding its Sine to B, I 
have the Log. of the Number 19,045, to which ad- 
ding I the Sum is 20,045, and is greater than 20 

045. And becauſe in this Example, L — Co-ſine 
BQ.i to L, as I is to 11,5 nearly: I multiply the 
Difference ,045 by 11,5, and the Product 0,5175, 
added to B Q, makes 20,5175. Therefore 2dly, I 
make BQ 20,51, and NP Vin be 19,5092; to 
which, adding B N, the Sum is 20,5092. And there- 
fore if the Difference, ooo8 be multiplied by 11,5, 
and the Product ,0092, ſubtracted from B Q, there 
will remain Bq = 20, 5008. 

Laftly, LeT the mean Anomaly be 2 Degrees; [ 
put B Q 3o Degrees, and then I find N P 29,84; 
to which adding 2, and the Sum is 29,84, which is 
leſs than 30 Degrees: Multiply the Di „ I6 


by 6,3 (for L—Coline Bis to L, as 6,3 to 1,) 


and we have 1,008 = Q: And therefore, this 
ſubtracted from BQ, gives Bg = 28,982. There- 
fore to correct the Error, I put again B = 29 De- 
Herz, and by a like Proceſs I find B 9 = 28,9672. 
aving found the Angle ACQ, the Angle ASQ is 
eaſily found, For in the Triangle Q CS, we have 
the Sides QC, CS, and the Angle Q CS; There- 
fore we ſhall find the Angle ASQ, and the Side 
SQ; then ſay, as the greater Axis of the Ellipſe is 
to its leſs, ſo the Tangent of the Angle A8 Qis to 
the Tangent of ASP, which will thereby be found; 
and it is the coequated or true Anonaly, Again, 
ſay, as the Secant of the Angle AS Qis to the Se- 
cant of ASP, ſo is $Q to SP, the Diſtance of 
the Planet from the Sun. Or perhaps theſe Things 
may be caſier computed in this Manner. Waring 
n | - 


- aac io ee » 


* 


Wiel 


% eee Py re 


computed according to the Proportion of the Times, 


ſides, it admits of an Eaſineſs in computing, we 
. Kepler, it is 
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the Arch AQ, we have its Sine QH, and its Lecture 
Co-ſine HC; But we have SC in fuch Parts as XXIV. 
the Radius, or CQ is 100000; therefore we have. 
H $. Bay, as the greater Axis of the Ellipſe is to its 
leſs, ſo is QH to PH, which will therefore be given. 
In the reftangle Triangle PHS, we have alſo the 
Sides PH and HS, wherefore we can find PSH the 
true Anemely, and PS the Diſtance of the Planet 
from the Sor. W555 
BE Aus in the Aphelions and Perihelions, the 
Points Q and N, or the mean and true Place of a 
Planet coincide ; and in the firſt Semicircle of Am- 
maly, the mean Place is before the true Place, in the 
ſecond, the mean Place is behind the true; if we 
have determined the Poſition of the Ades of the 
Earth's Orbit, we ſhall know the Time when the true 
and mean Place coincide. For when the Sun is ob- 
ſerved in that Point of the Ecliptick where the Peri- 
helion is, then the Earth is in the Apbelion. And hav- 
ing this Moment of Time, by Aftranomical Tables, 
we ſhall have the mean Anomaly for any other Time, 
as likewiſe the Arch AN. For theſe Arches are 


and are placed orderly in the Tqbles. Now having 
for any Point of Time the Arch AN, we have 
ſhewed how from thence we may compute the true 
Anemaly, and the Place of the Earth in the Eclip- 
tick, to which the Place of the Sun is always oppoſite, , ſ 
BesiDes the Theory of Kepler, according to 
which the Planets do really regulate their Motions, 
there is another elliptick Hypotheſis, which has been Ward', 
chiefly improved by two moſt celebrated Aſtronomers, 7,,,,,. 
ae Bullialdus, and Dr. Seth Ward, formerly Pro- 
r in this Chair, and afterwards Biſhop of Saliſ- 
bury, by whoſe: Pains Afronomy has been much ad- 
vanced, And ſince this Hypotheſis does not want 
Elegance, and a Neatneſs in Geometry; and be- 


will here —_ explain it. In this Hypotheſis, with 
ppoſed that the. Planets Orbits are 
| Ellipſes, 
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Ellipſes, and that they have all one common Focus, 
in which the Sun reſides. Moreover, they ſuppoſe, 
that each Planet does move in the —— of its 

ays or 


. Orbit, in ſuch a Manner, that drawing 
.Lines to the other Focus, they deſcribe Angles pro- 


portional to the Times. "Theſe Things E A 
ding 


poſed, Dr. Ward ſhews an elegant Method of 
the true Anomaly from the Mean, havin 


deter- 
mined the Species of the Planet's Orbit: it is 
as followeth. | 


Lear APB be the Ellipſe which the Planet de- 


ſcribes, AP the Line of the Apſides, 8 the Focus 


in which the Sun is placed, F the other, or the up- 
r Focus, which is the Center of equal Motion. 
t the Angle AFL be proportional to the Time, 
or be the mean Anomaly, then L will be the Place 
of the Planet in its Orbit, and the Angle ASL, 


the coequated or true Anomaly, Produce FL to 
E, fo that FE may be equal to AP the greater 
Axis of the Ellipſe; and therefore, fince by the 
Nature of the Ellipſe, FL and LS are equal to the 


ſame A P, then LE muſt be equal to LS, and the 


Triangle LSE will be an Ifoſceles Triangle; and 


therefore the Angles E and ESL are equal; and 
the exterior Angle FLS, being the Sum of both, 
will be the double of each, or double of the Angle 


LES. Therefore in the Triangle EFS, having 


FE and FS, and the Angle EFS, which is the 


Complement of LF A to two Rights, we can find 
. the Angle E, whoſe double is equal to the Angle 


FLS, which therefore will be known: But the An- 


FN is equal to the two Angles FS L and 


„and therefore the Angle F LS is the Proft- 
haphæreſis or the Equation, which is to be ſubtracted 
from the mean Anomaly, or added to it, to have the 

In reſolving the Triangle E F S, having EF and 
FS, the Analogy is $ EF TT FS: EF — FS; 


that is, as AS toSP:: Tang. 1 AF E: Tangent 
of + Difference of the Angles E 


and FSE; but 
be- 


ter C draw NC, and Q parallel to it; the Angle 
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becauſe the Angle E is = LSE, FS L is the Diffe- Lecture 
rence of the Angles E and FSE; wherefore the XXIV. 
Angle, found by the Analogy, being doubled, give ?? 


the Angle FS L, which is the true Anomaly. Now 
the Practice here is extremely eaſy ; for becauſe AS 
and SP are conſtant (Quantities, the Difference of 
their Logarithms is a conſtant Quantity; wherefore 
a given _—_ is to be added to Log. Tangent of 
half the mean Anomaly, and then we ſhall have the 
Tangent of half the true Anomaly, Moreover, in 
the Triangle L FS, having all the Angles, and the 
Side SF, we can find 8 L the Diſtance of the Planet 
from the Sun. 


Tris Hypotheſis of Dr. Tanis is a very uſeful Ward's 
Approximation, and ſerves to ſhorten the Calcula- Hypo hf 
tion, and make it eaſy: But yet it is ſtill only an an Approxe 
Approximation, and does not come up to the Truth : #7741207 


e will here ſhew the Reaſon of it. Let APB be ; te 


the Orbit of the Planet, AQB the Circle circum- Reaſon of 
ſcribed ; the Arch AQ the Anomaly of the Eccen- g 


trick, and AN the mean Anomaly. From the Cen- ON 


QGA is equal to N CA, or the mean Anomaly; 
and CG will be nearly equal tofCS, but a little 
leſs than it. For from the Focus 8, on QC let fall 
the Perpendicular SF, which we ſhewed before to 
be equal to the Arch QN: But becauſe the Arch 
QN is ſmall, its Sine will be almoſt equal to the 
Arch; and therefore G O, a Perpendicular on N C, 
will be nearly equal to SF, but ſomewhat leſs. But 
the Triangles GOC, and SF C, are nearly equi- 
angular, (for NCQ, the Difference of the Angles 
GCO, and SCF, is very ſmall) and therefore, 
becauſe O G is almoſt equal to S F, but a little leſs 
than it, CG will be almoſt equal to CS, but ſome- 
what leſs. The other Focus of the Ellipſe then, muſt 
be alittle above the Point G, but very near it; and 
if we draw from the Planet's Place the Line PL, 
parallel to Q G, the Point L will be likewiſe above 
the Point G, but yet not far diſtant from it; and 
therefore, the Point L, and the other Focus of the 

X Ellipſe, 


Fig. 3s 
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Lecture Ellipſe, do nearly coincide, But the Angle PLA 


XXIV. 


is equal to N C A, the mean Aromaly; and the 


oy Point L. nearly coinciding with the other Heut, the 


Bullial- 


Line drawn from P to the other Focus will make an 
Angle with the Axis, nearly equal to the Angle PLA 
or NCA, that is, to the mean Anomah. And 
therefore the 4 at the ſuperior Fut, are nearly 
proportional to the Times. 

Wurxr the Angles NCA and QCA, or SCF, 
differ but little from one another, that is, where the 
Angle NCQ, and the Eecentricity are but ſmall, 
the Points G and L, are nearly coincident with the 
ſuperior Focus, And therefore this Theory is accurate 
enough to anſwer to the Motion of the Earth, whoſe 
Orbit is nearly circular: But in the other Planets, 
and particularly Mars and Mercury, it does not do 
ſo well. And therefore, Bullialdus, from four Places 


dus“ C- of Mars, obſerved by Tycho, in the firſt and third 
ree7ion of Quadrant of Anomaly, found that Mars was further 
7%. Hypo- advanced in his Orbit, than he ought to be by this 


theſis. 


Plate 
XIII. 
Fig. 2. 


Theory. But in the ſecond and fourth Quadrants, 
Mars's true Anomaly was found to be lefs than it 
ſhould be, according to this Hypotheſis ; and there- 
fore Bullialdns gave it the following Correction. Up- 
on the Diameter A P, which is the greater Axis of 
the Ellipſis, deſcribe the Circle ADP. Let AFL 
be the mean Anomaly ; through L draw the Line 
QLG perpendicular to the Axis, meeting with the 
Circle in Q. Join FQ, which cuts the Ellipſe in 
5, and y will be the Place of the Planet in its 
Orbit, anſwering to the mean Anomaly AF L. Now 
the Angle AFQ, anſwering to the mean —_— 
AFL, is eaſily found by taking an Angle whoſe 
Tangent is to the Tangent of APL, as the greater 
Axis of the Ellipſe is to the lefſer. And having the 
Angle AF Q, or AF Y, the Angle AS J is found 
in = ſame Manner as before the Angle ASL was 
tound, 

Tux Calculations we have here explained, ſup- 
poſe that the Species, or Forms of the Orbits ate 
given, as likewiſe their Poſitions, We fhall _ 

Wards 
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wards Thew a Way by which the Orbits of the other Lecture 
Planets are determined: But the Form and Poſition XXIV. 


of the Earth's Orbit is to be found by the following 


Methods. Firſt, obſerve the apparent Diameter of The For 
the Sun, as likewiſe his Motion; for when the Earth 9 the 
is in its Aphelion, the Sun's Diameter is the leaſt of Earth's 


all, and his Motion ſloweſt ; the Earth being there 
at the greateſt Diſtance from the Sun. In the Pe- 
rihelion, it coming neareſt the Sun, we ſhall obſerve 


Orbit. 


his Diameter to appear biggeſt, Let any right Line plate 


SP, repreſent the Peribelion Diſtance of the Sun: XXII. 
Say, as the apparent Diameter of the Sun in the Fig. 4. 


Aphelion is to its apparent Diameter in the Perihe- 
lion, fo is SP to a Fourth. In SP produced, take 
SD equal to this Fourth, and it will be the Aphelion 
Diſtance; biſect P D in C, and CS will be the Ec- 
centricity, and C the Center. Deſcribe an Ellipſe, 
whoſe Focus is 8, and greateſt Axis PD; that Ellipſe 
will be of the fame Form with the Earth's Orbit; 
and the Points of the Ecliptick, where the Sun's 
Diameter appears the biggeſt and the leaſt, ſhew the 
Pofition of the Apfides, or the Aphelion and Perihelion. 
But becaaſe the Diameter of the Sun, in the Aphe- 
lion and Perihelion is ſcarcely ſeen to alter its Bigueſs 
for ſome Days, it will be very difficult to determine 
the Poſition of the Apſides, by Obſervations made on 
the apparent Diameter of the Sun only; and there- 
fore, it will de better to find out the Aphelion, and 
Perihelim Diſtances and Poſitions, by obſerving the 
Sun's Motion: For the angular Velocity of the Earth 
and the apparent Motion of the Sun, which is equal 
to it, is always reciprocally as the Square of the Di- 
ſtance, as we have above demonſtrated. | 
THEREFORE, to determine the Species of the 
Ellipſe, in which the Earth moves, we muſt obſerve 
the apparent Velocities of the Sun when it is greateft 
and leaſt. Call the leaft, A, and the greateſt B; and 
let any right Line SP, repreſent the Perihelion Di- 
tance: Say, as A is to B, ſo is SP to another Line 
C. Produce SP to D, ſo that SD may be a mean 
Proportional between SP and C; this Line SD will 


X 2 repreſent 
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XXIV. the Ellipſis be deſcribed, whoſe Focus is 8, and its 
and "1-4 Axis PD, that Ellipſe will be of the ſame 
orm with the Earth's Orbit. For becauſe SP, 
SD, and C, are continually proportional, PS ſquare 
will be to DS ſquare, as SP is to C, or as A to B, 
that is, as the Velocities. Moreover, if the Places 
of the Ecliptick be diligently marked, where the 
Velocities are greateſt and leaft, in thoſe Points will 
the Apſides be ſituated, Laſtly, If there be two 
Places of the Ecliptick obſerved, where the Sun's 
apparent Velocities are equal, and the Arch of the 
Ecliptick between the two Places be biſected, the 
Point of Biſection, and its oppolite, will ſhew the 
Places of the Ap/edes. But theſe Methods require 
Obſervations that are very nice and accurate, ſuch 
as can ſcarcely be made, 
Ward's From the Theory of Dr. ard, we have a more 
Theory beſt certain Method of finding the Form of the Orbit, by 
explains three Obſervations of the Sun, and marking the Time 
the Orbit between them; which does likewiſe determine the 
and % Poſition of the Apfides. Let ABPDC be the Or- 
Hale. bit of the Earth, S the Heut in which the Sun is 
— placed, F the other Focus: The Apſides A and P. 


Fig. 5, the Ecliptick, which are found by obſerving three 
: Places of the Sun, to which they are oppoſite, At 
U the Center F, and Diſtance FM, equal to the greateſt 
Axis of the Ellipſe, deſcribe the Circle MHEL; 

and let the Lines FB, FC, FD produced, meet 

with the Circle in the Points G, H, E. Draw like- 

wiſe from the Focus 8, the Lines SB, SC, SD, as 

alſo 8 G, 8 H, and SE. We have the Angles BSC, 
BSD, and CS D, for they are meaſured by the 
Arches of the Ecliptick, intercepted between the 
Points obſerved, But, according to this Theory, the 
Earth moves in the Perimeter of an Ellipſe in ſuch 

'a Manner, that it deſcribes Angles about the Focus F, 

that are proportional to the Times: And therefore 

we ſhall have the Angles BFC, BFD, and CFD, 
taking, each of them ſuch that they may * the 

| | ame 


XXII. Let BC, and D, be there Places of the Earth in 


- 
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fame Proportion to four right Angles, as the Times Lecture 
between the Obſervations have to the whole periodical XXIV. 


Time. Moreover, twice the Angle F GS, that i 


the Angle F BS, is the Difference of -the Angles 
AFB, and ASB: This we ſhewed before. And the 
Double of the Angle F HS is the Difference of the 
Angles AFC, and ASC; the Difference of the 
Angles BF C, and BSC, will therefore be equal to 
2FGS--2FHS. But becauſe we know the Angles 
BFC, and BSC, we know likewiſe their Difference, 


therefore, we have the Sum of the Angles F GS, 


and FHS. But the Angle FGS is the Difference 
of the Angles BFA, and GSA; and the Angle 
FHS, is the Difference of the Angles HF A, and 
HSA: Whence both the Angles FGS, and F HS, 
will be equal to the Difference of .the Angles BF C, 
and GSH. But we have the Angle BFC, and 
the Sum of the Angles FGS, and FHS; and there- 
fore we have the Knoll GSH. In the ſame Man- 
ner we can find the Angle GSE. Alfo, in the 
ſame Manner, the Angle F ES doubled, is the Dif- 
ference of the Angles DF A, and DSA; alſo the 


Double of the Angle FHS is the Difference of the 


Angles CF A, and CSA. And therefore, twice the 
Angle F E S—twice the Angle FHS will be equal to 
the Difference of the Angles CFD, and CS D; but we 
have the Angles CF D, and CS D: And therefore, 
we have half their Difference, that is, FES—FHS. 
But the Angle FES—FHS, is the Difference of 
the Angles CFD, and HSE; and we have the 
Angle C FD; wherefore, we have the Angle HSE. 
We have therefore, all the Angles at F, viz. BF C, 
BFD, CFD, and all the. Angles at S. wiz. BSC, 
BSD, CSD; as alſo GSH, GSE, HSE. Theſe 

Things being laid down, | 
ExPREs3 the Line SH by any Number, oz. 
200000, and produce ES, till it meets with the Pe- 
riphery in L, join HL, LG, and HG. In the 
Triangle HSL we have the Angle H SL, the Com- 
plement of HSE to two Rights: And the Angle 
HLS, equal to half the Angle HFE, by the 20th 
| X 3 Prop. 
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Aure Prep, El. III. and the Side HS 100000; wherefore, 
XXIV. we ſhall find the Side SL: Then in the Triangle 
my md ST, G, we have the Angle LS G, the Complement 


Table 
XXII. 
Fig. 6. 


of the known Angle ES G to two Rights; and the 
Angle SL G, being half the Angle EF G, by the 
20th Prop. El. III. and the Side 8 L, therefore we 
ſhall find 8 G. And again, in the Triangle 8 HG, 
we have the Sides SH and SG, and the Angle 
HS G; and conſequently we ſhall find the Side H 

and the Angle SHG. In the Iſoſceles Triangle 
HFG, we have the Angle HF G, and the Baſe 
HG; wherefore, we ſhall find the Side H F, which 


is equal to the greater Axis of the Ellipſe; as alſo 


the Angle G HF, which being ſubtracted from the 
known Angle G 2 8, leaves the Angle F HS known. 
Laſtly, In the Triangle FHS, baving F H, and 
HS, and the Angle FHS, we ſhall find the Side SF, 
and the Angle HSF; from which ſubtracting the 
Angle HSC=FHS, there will remain the Angle 
CSF, which ſhews the Poſition of the Apſides. 
Tris Method does ſuppoſe, indeed, that the An- 
gles at the ſuperior Focus be always proportional to 
the Times, which is not true. But in the Orbit of 
the Earth, whoſe, Eccentricity is ſmall, the Angles 
that are really deſcribed at that Focus differ fo little 
from the Angles that are proportional to the Time, 
that no ſenſible Error can ariſe from thence, in de- 
termining the Species and Poſition. of the Orbit. 
Tux moſt celebrated A/ironomer Dr. Edmund 
Halley, from whoſe Labours A/ftronomy has received 
great Improvement, hath contrived a Method which 
depends on no Theory of the Earth's Motion : From 
which, by Obſervation alone, the Form and Pofition 
of the Orbit are to be determined. | 
SUPPOSE the Sun at 8, AB CD the Orbit of the 
Earth, P the Planet Mars, who for this Puxpoſe is 
to be preferr'd, or choſen before the others, Fiſt, 
Obſerve the true Fime and Place, when Mars is in 
Oppoſition to the Sun; for then the Sun, the Earth, 


and Mars, are in one right Line; or if it happens 


{as if often does) that Mars has any Latitude, the 


Sun, 
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Sun, the Earth, and Mars his Place reduced to the LeAure 
Ecliptick, are in a right Line, Let the Sun, the XXIV, 
Earth, and Mars, have their Places in the Points 
8, A, and P, in the right Line 8P. Since Mars his Pe- 
rod confiſts of 687 Days, after that Time, Mars will 
return to the Point P; and ſeen from the Sun, he 
will appear in the ſame Place as before, in which he 
was ſeen alſo from the Earth - Bot the Earth does 
not return to A, till after 7 30% Days; and therefore, 
when Marg is in P, it will be in B, and will obſerve 
the Sun in the Line SB, and Mars in the Line BP. 
By obſerving the Places of the Sun and Mars, we 
have all the Angles of the Triangle PBS, And ſup- 
poſing PS to conſiſt of xo0000 Parts, we can find 
the Diſtance 8 B, in thoſe Parts, as likewiſe its Po- 
ſition. After the ſame Manner, when Mar, has 
finiſhed another Period, the Zarth will be in C, and 
we can find the Length of the Line SC, and its Po- 
ſition ; and likewife, by the ſame Method, another 
Line 8 D, and its Poſition may be obtained. And 
by this Means we are come to this Geometrical Pro- 
blem: Having three Lines meeting in the Focus of 

an Ellipſe, all given in Length and Poſition, to find 
the Length of the tranſverſe Axis, its Poſition and 
the Diſtance of the Faci : Which Problem, the Geo- 
meters ſhew how to conſtruct; and we, in the follow- 


ing Lectures, will likewiſe give its Solution. 
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LECTURE XXV. 
Of the Equation of TIME. 


Mos ion, the ; 
Meaſure , 5 
Time. 


r I. T HO UG. Time be in its own 
Nature, a re Quantity, as being 
33: endowed with the chief Properties of 
RY Quantity, Equality, Inequality, and 
Proportion; yet to meaſure this 
Quantity, we muſt have the Aid and 
Aſſiſtance of Motion, as a Meaſure to eſtimate and 
compare the Quantities of Times ; and therefore Time 
when it is conſidered as meaſurable, marks out ſome 
Motion: For if all Things were at reſt, we could 
by no means know the Flux or Quantity of Time, 
and the Duration of all Things would go on with- 
out Perception. | | 
Uniform Bor becauſe Time conſtantly flows equally, and 
Motion the ir. the ſame Manner, to meafure it, we muſt make 
prof! Uſe of ſuch a Motion, as is in itſelf ſimple, uniform, 
Meaſure, and always going on at the ſame Rate; fo that the 
Body which has this Motion, at leaſt as to its Pe- 
riods, may always keep the ſame Force, and yet go 
through equal Spaces in equal Times. 
Th, My. Fox common Uſe, we muſt take that Mo- 
tions ef the tion which is moſt remarkable, evident to every 
Sun and Body, and plain to common Senſe; ſuch is the 
Moon, the Motion of the Stars, and chiefly of the Sun and 
Atte Mea- Moon, which not only, by the common Conſent 
fares. of all Mankind, are agreed upon for this Effect, 
but by the Almighty and wiſe Creator of the 
Univerſe, are eſtabliſhed for this Purpoſe: Fer in 
a | 
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. , 
the Scriptures we read, that God ſaid, Let there he Lecture 
Lights in the Firmament of the Heaven, to divide the XXV. 
Day from the Night; and let them be for ous ane -. 


for Seaſons, and for Days and for Bars. And there- 
fore by the celeſtial Motions, and chiefly by that of 
the Sun, are the Times rightly diſtinguiſhed and 
marked out. Who therefore dare ſay that the Sun 
will not tell us Truth! "The Aftronomers are the bold 
Men who tell us ſo; for they, by their nice Search 
into Things, have found that the Sun's apparent Mo- 
tion is no ways equal; they obſerve, that he now 
and then ſlackens his Pace, and afterwards quickens 
it again: And therefore Equal Time, which goes on 
always at the ſame Rate, cannot truly be meaſured 
by the Sun's Motion, 


HE NE the Time which the Sun's Motion ſhews, The Di- 
and which is called the Apparent Time, is different fin&4ion 
from that Time which flows uniformly and always 6etavzen 


3 


at the ſame Rate, which is called by the A/tronomers the True 


the True and Equal Time; according to which all and appa- 
the celeſtial Motions are to be eſtimated, regulated and rent Time. 


ſettled. For, upon the Account of the unequal Mo- 
tion of the Sun, and the Obliquity of the Ecliptick to 
the Aquator, we have neither Days nor Hours per- 
fectly equal, as we ſhall here ſhew. 

THe ſolar Day is that Space of Time which paſles 
while the Plane of the Meridian of any Place, paſ- 
ſing through the Center of the Sun by the Earth's 
Revolution turning round its own Axis, returns 
again to'the Sun's Gone or it is the Time between 
one Mid-day, and the next which comes after, Now 
if the Earth had no other Motion but that round its 


Axis, all the Days would be exactly equal to one 


another, and to the Time of the Revolution round 
the faid Axis. But becauſe while the Earth is 
whirling round its Axis, it is alſo going forward in 
its proper Motion Eaftward ; when any Meridian 
has compleated its Revolution, after having paſſed 
the Sun's Center, its Plane will not have then paſſed 
through the Sun, as is plain by the Figure, For let 

4 the 
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be 8, AB a Portion of the Ecliptick ; let 

XV. the Line MD repreſent any Meridian, whoſe Plane 
Lw-—— produced, paſſes through the Sun when the Earth is 
Fable in A: Let the Zarth proceed in its Orbit, and come 
XXIII. to B, while it has compleated a Revolution round 
Fig. 1. jts Axis; and then the Meridian MD will be in 
the Poſition md, parallel to bs. former 4. ** 
conſequently will not as yet have paſſed through the 
Sum, nor 2 the n 1 * that Median 
have had their Mid-day. But the Meridian d m, 
with its angular Motion, muſt ftill go on, before its 
Plane can paſs through the Sun, and muſt deſcribe 
the Angle dB/. And therefore all the ſolar Days 
are longer than the Time of one Revolution round 
the Earth's Axis. If the Planes of all the Meridians 
were perpendicular to the Plane of the Earth's Or- 
bit, and the Earth deſcribed this Orbit with an _ 
Motjon, after any Meridian has compleated its Re- 
volution, becauſe MD and md are parallel, the An- 
le d BF would be equal to the Angle BSA, and 
the Arches df and AB ſimilar: And becauſe the 
Timts are always equal, the Arch AB, and the An- 
gle 4 Bf would conſtantly be of the ſame Quantity, 
and all the ſolar Days would be equal to one another; 
and then the appirent and equal Time would agree. 
But neither of theſe two Caſes have Place in Na- 
ture, for the Earth does not proceed in its Orbit with 
an equal Motion; but in its Apbelian it deſcribes a 
| lefs Arch, in its Peribelion a greater. And more- 
77 is over the Planes of the Meridians are not perpendicu- 
proved lar to the Ecliptick, but to the Æquator: And there- 
that the fore the Time of the angular Motion 4BFf, which, 
folar Days peſides the intire Revolution, is to be added to the 
* * Space of a ſolar Day to compleat it, is not always 
equal. of the fame Quantity; whence the ſolax Days will 
not be equal, | | 

Theſameis Bur perhaps this ma 
mad: plain from the real Motion of t arth, and conſider the 
by the ap- apparent Motion of the Sun; for it is by his ap- 
2 = parent Motion, that we meaſure the Appareut Time. 


Sun, 


r plainer if we paſs 


And 
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And therefore you muſt obſerve, that the natural Lecture 
ſolar Day is that Space of Time, ja which, by the XXV. 
Revolution of the whole Heavens, which. is called 
the Revolution of the Primum Mobile, or of the firſt 
moveable Orb, the whole Circumference of the 
Equator paſſes through the Meridian; and alſo fo 

much more of the ſame Circle, as anſwers to the 
apparent Motion of the Sun to the Eaſt, in the 

mean while. 

Bur the Arch of the Equator paſſing through the 7h: diuy- 
Meridian, is not always equal to the correſpondent n4/ Arches 
Arch of the Ecliptick, which paſſes through the / the E- 
ſame in the ſame Time; but is ſometimes bigger, and vater 
ſometimes leſs than it, even though the Sun's Motion 4e not 
were equal in the Ecliptick: The Difference between _ — 
them aviſes from the oblique Poſition of the Eelip- u, of 
tick to the uator, as is plain by the Figure, „z, Eclip- 
Suppoſe Y S a Quadrant of the Ecliptick, and Y E ie. 

a Quadrant of the Æquator. Suppoſe the Arch Y A Table 
to be one Degree, which is nearly equal to the diur- XXIII. 
nal Motion of the Sun in the Ecliptick; for this Fig. 2. 
mean Mation is 597 8“. Let AB be an Arch of 

the Circle of Declination, paſſing through the Sum in 

A, and intercepted between the Æquator and the 
Eeliptick. In the right-angular Triangle T BA, 
having the Side T A 1 Degree, and the Angle 

AV B, which is the Inclination of the Ecliptick to 

the Æquator, and is nearly 23; Degrees, we ſhall 7 f 
find the Side Y B 55” 1”, almoſt 5” lefs than the Cage 
Arch Y A. Again, ſuppoſe the Arch of the Eclip- he /nequa- 
tick Y C 89%, From thence we ſhall find the Arch /iry of 
of the Aquator V D, 88? 54' 34”; but when the Days 
Arch of the Ecliptick Y S is go Degrees, then 


AE, the correſpondent Arch of the AÆquator, is al- 


ſo 90 Degrees, And the Difference of the Arches 
C, YDis1* 5 267, And the Difference of 
the Arches of the Aquator Y Band DE 6 10' 25”, 
although the Arches of the Ecliptick Y A and C S, 
which anſwers to them, are equal, From which it 
is evident, that the Arches of the Equator, an- 


ſwer ing 
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Lecture ſwering to equal Arches of the Ecliptick, are un- 
XXV. equal: And therefore the diurnal Arches of the 
KL Xquator, which paſs through the Meridian, are 


unequal ; but they meaſure the ſolar Days: Where- 


fore the ſolar Days are unequal, 
The ficond BUT the Obliquity of the Ecliptick is not the 
Cauſe of only Cauſe of the Inequality of wp for the very 
the Inegua · apparent Motion of the Sun in the Ecliptick is un- 
Aye, equal; for he proceeds more ſlowly, and ſtays longer 
Da. in the Northern Signs than in the Southern, by eight 
intire Days: And therefore, if there were no Obli- 
quity of the Ecliptick, by this Cauſe alone, the diur- 
nal Arches of the Equator could not be equal, 
And therefore their Inequality will be much greater, 
upon Account of theſe two Cauſes concurring to- 
gether ; that is, the unequal Motion of the Sun, and 
the Obliquity of the Ecliptick, which though they 
are ſometimes contrary to each other, and ſo diminiſh 
the Inequality ; as it happens when the Arches of 
the ri 7 decreaſe, on the Account of the Obliquity 
of the Ecliptick, but by reaſon of the Sun's approach- 
ing the Perigæon they increaſe, and on the contrary : 
Yet ſometimes thele two Cauſes concur to increaſe 


the Inequality, and neither of them depend one on 


the other, but each of them by itſelf has its Effect. 
SINCE therefore the apparent Motion of the Sun 
to the Eaſt is unequal, it cannot be a fit Meaſure 
of Time, which fhould always go on at the ſame 
Rate. And therefore the natural and apparent Days 
are no ways to be applied to meaſure the celeſtial 
Motions, which do not depend upon -the Motion of 
the Sun Therefore the N found it neceſ- 
ſary, inſtead of theſe ſolar Days, to ſubſtitute in their 
Place others that were equal, and a mean between 
the ſhorteſt and the longeſt, and by them to diſtin- 
guiſh the celeſtial Motions. And when theſe Mo- 
tions have been computed according to the Equal 
Time, it is neceſſary to turn that Time again into the 
Apparent Time, that theſe Motions may be obſerved 
by us who meaſure and number our Times, by the 


apparent 


= 
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apparent Motion of the Sun. And on the contrary, Lecture 
if any Appearance in the Heavens, as for Example, XXV. 
an Eclipſe were obſerved according to the Apparent wwoyypmmad 


Time, and according to its A/ironomical Tables 
were to be examined, to fee if they did agree with 
it or not; it will be neceſſary to turn the Apparent 
Time into Equal Time, otherwiſe the obſerved Phe- 


nomenon will differ from that which is found by Com- 


putation. P 
BEC AUS E we know no Body in Nature, which 
preſerves conſtantly a perfect uniform Motion, and 
= ſuch a Motion is only proper to meaſure equal 
ays and Hours; it is convenient to imagine ſome 
Body or Star, which moves in the Equator Eaſt- 
ward, and which never quickens or ſlackens its Pace, 
but goes through the Equator, in preciſely - the ſame 
Time as the Sun finiſhes his Period in the Ecliptick. 
The Motion of ſuch a Star will rightly repreſent 
equal Time, and its diurnal Motion in the Æquator 
will be daily 59' 8”, the ſame as is the mean Motion 


of the Sun in the Ecliptick: And therefore the equal The equal 
and middle Day is to be determined by the Arrival «nd middle 
of this Star to the Meridian, and is equal to the Time Day deter- 
in which the whole Circumferenceof the AÆquator, mined. 


or 360 Degrees, paſſes the Meridian; and beſides 
that 59' 8”: And becauſe this Addition of 59“ 8” 
always remains the ſame, all theſe mean Days will 
be conſtantly equal to each other. 

SINCE the Sun goes unequally Eaſtward according 
to the Equator, ſometimes it will come to the Me- 
ridian ſooner than this imaginary Star, and ſometimes 
he will touch it later than it does; and the Difterence 
is that which is between the True and Apparent Time. 
And this Difference is known by having the Place 
of the imaginary Star in the Æquator, and the Point 
of the Afquator, which comes to the Meridian with 
the Sun; for the Arch intercepted between them, 
being canverted into Time, ſhews the Difference be- 
tween Equal and Apparent Time, which is called the 
Equation of Time, And it is the Time that flows, 


The Equa- 
tion ot 


while Time. 
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Lecture while the Arch of the tor intercepted between 
XXV. the Point determining the Right Aſcenſion of the Sus, 
— _ the Place of the imaginary Star, paſſes the Me- 
ian. 

When the LET K Q be a Portion of the Equinoctial, EC 
Apparent of the Ecliptick, in which imagine 8 to be the Place 
Time is of the Sun, SA a Circle of Declination paſſing thro” 
after than the Sun, and meeting with the Equator in A, which 
tbe true; will be the Point which comes to the Meridian with 
the Sun. Suppoſe m to be the Place of the imaginary 
Star, which performs its Period in the ZEquator, with 
an equal Motion: And when the Sun has arrived at 
the Meridian, our imaginary Star will be diſtant from 
it, by the Arch n A; and if the Point m be Eaſt- 
ward of the Point A, it will come later to the Me- 
Table ridian than it, and the Apparmt Time will be faſter 
XXIII. than the mean; but if the Place of the Star m, be 
F - + more Weſterly than A, it will ſooner arrive at the 
* Meridian, and the Apparent Time is ſlower than the 
than th; Mean. And the Arch of the Equator A m, con- 
.. verted into Time, is the Equation; which being ad- 
ded to, or ſubtracted from the Apparent Time, gives 
the true, according as the Point m is to the Eaſt or 
Weſt of the Point A; and then we have the true 
Time. For to know the Poſition of the Point A, in 
The Equa- teſpect of m, and the Quantity of the Arch A m, 
tion of take in the Æquator the Arch Ts or s, equal to 
Time con- the VS or S in the Ecliptick; and then the Arch 
ffs f 5 m, will be the Diſtance between the true and mean 
#weParts. Place of the Sur, which therefore is given by the 
Sun's Anomaly; but the Arch As is the Difference 
between the Hypothenuſe Y 8, of the right-angled 
Triangle w SA, and its Side or Bafe Y A, which 
may be found by Tyigonametry. Moreover, the Arch 
A m is equal to either the Sum or Difference of the 
Arches As and 3m; and therefore when they are 

known, the Arch A m will be hkewiſe known. 
MorEoveR we muſt obſerve, that in the firſt 
and third Quadrant of the Ecliptick, the Point s 
falls upon the Eaft-fide of the Point A: And _ 
4 ore 
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fore the Arch As, being turned into Time, is to be Lecture 


ſubtracted, becauſe the Point 8 comes later to the XXV. 


Meridian than the Point A does. But in the == 
ſecond and fourth Quadrants, the Point s is more Thr EH 
Weſterly than A, and arrives at the Meridian be- e Mw 
fore it: And therefore the Arch As, turned into ar t- 
Time, is to be added, to get the Time when the 7 
Point $ arrives at the Meridian. Suppoſe, for | 7 
ample, As be two Degrees, as it is when the San 
is in the 20th Degree of Y; this Arch, turned in- 
to Time, is 8 Minutes: And therefore we muſt add 
8 to the Apparent Time, to have the Time when the 
Point S comes to the Meridian. 

Mor gOovER, in the firſt Semicircle of Ane- 
may, that is, while the Sun in this preſent i 
goes from the ſeventh Degree of , to the ſe- 
venth of , the mean tion of the Sun is 
greater than its true Motion ; therefore, then rhe 
middle Place precedes the true Place. And there- 
fore in all that Semicircle the Point m will be to 
the Eaſt of the Points; and the Arch ms, turned 
into Time, is to be ſubtracted from the Time 
that the Point S reaches the Meridian: But in 
the other Semicircle of Anomaly, after the Sum 
has left the Perigæon, or rather the Earth the 
Perihelion, the mean Motion is leſs than the true, 
and then the mean Place follows the true; and 
conſequently the Point m is to the Welt of the 
Point S, and comes ſooner to the Meridian than 
it does: And therefore the Arch ms, turned into 
Tint, is to be added to the Time in which S touches 
the Meridian, Having now the Diſtance of Time, 
between the Coming of the Point m to the Me- 
Tidian, and the Coming of the Point S to the 
fame; as alſo the Diſtance of Time, between the 
Arrivals of the Points s and A to the Meridian, 
we ſhall have the Diſtance of Time, between the 
Coming of the Point m to the Meridian, and of 
the Point A's Arrival to the fame; that OE 
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Lecture ſhall have the Difference between the Apparent and 
XXV. True Time, which is the Equation of Time. 

Fox the equating of Came, the Aſtronomers com- 
Two Ta- poſetwo Tables; one for the Arch s m, which is to 
ble for entered into with the Anomaly of the Sun: And 
Nr if the Point m be Weſtward of the Point 3, they 
Iime. mark it with Tor the Sign of Addition; but if it 
be on the other Side, they place— or of SubtraQion, 
The other Table is for 2 Arch s A, which is the 
Difference between the Place of the Sun in the Eclip- 
tick, and his Right Aſcenſion. And the Equations 
of this Table likewiſe marked with the Signs of 
Addition or Subtraction, as the Point s is to the Weſt 
or Eaſt of the Point A. The Sum of theſe two 
Equations, if they be of the ſame Kind, that is, 
both to be added, or both to be ſubtracted ; or their 
Difference, if their Affections be of different Kinds, 

make up the abſolute Equation of Time. 
The Ten- THE Artiſts likewiſe make a Table compoſed 
porary Ta- of both the former; but it will only ſerve for a 
ble. Time: Yet it may be uſed for a whole Age with- 
out any ſenſible 4 for the ſame Degree of 
Anomaly keeps nearly in the ſame Degree of the 
Ecliptick, the Space of an Age: And therefore 
for the Space of 50 Years theſe two Equations 
may be joined in one. But becauſe of the Pre- 
ceſſion of the Equinoxes, the Sun's Apogean, in 
7 Proceſs of Time, changes its Place in the Eclip- 
tick, and goes Eaſterly with the Fixed Stars: And 
therefore, in different Ages, the ſame Degrees of 
Anomaly will fall upon different Degrees of the 
Ecliptick: And therefore one Table will not ſerve 

for all Ages. 
When the THE imaginary Star, by whoſe equal Motion 
folar Day: we meaſure Time, goes conſtantly and uniform- 
begin to be ly forward to the Eaſt: But the Point A, which 
longerthan Hande 8 the Right Aſcenſion of the Sun, and 
the mean. marks out the Apparent Time, has as it were 3 
Libration, or goes backwards and forwards in 
| | reſpect 


= 
A 
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reſpect of m: Sometimes it gets to the Eaſt of m, Lecture 
and ſometimes is to the Weſt of it, and ſometimes XXV. 


coincides with it. And therefore when the Point A 


has its relative Motion in reſpect of m Eaſtward, the 
Point A is more Eaſt than the Star m, and then the 
Days are longer than the mean Days, which are 
meaſured by equal Time; and the faſter the Point A 
goes to the Eaſt, ſo much the longer are the ſolar 

ys: For, beſides the Revolution of the whole 
Heavens, the Arch to be added to make up the ſolar 
Day is greater, becauſe the Point A goes a greater 
Space Eaſtward. Hence it follows, that as ſoon as 
the relative Motion of the Point A begins to be 
Eaſtward, the ſolar Days begin likewiſe to be longer 
than the mean Days. I ſpeak of the relative Motion 
in regard of the Point m, for the abſolute Motion of 
A is always Eaſtward; but when the Point A is 
gone its fartheſt Diſtance from m to the Eaſt, then 
it begins to come back again to m, and has its re- 
htive Motion Weſtward: But before that, the Point 
A will be for a while ſtationary in reſpect of m, in 
the middle Time between its Receſs and Acceſs ; 


and then the ſolar Days will be equal to the mean e /}z 


Days, and in theſe Points the Equations will be mean and 


NN When the Motion of the Point A to the folar Day: 
aſt is quickeſt, there the Days become the longeſt ; are equal. 


and where it is the loweſt, that is, where the Motion 
relative to n is Weſtward, and greateſt, there the 
Days are ſhorteſt, In the preſent Age wherein we 
live, when the Sun is in the 10th Degree of Scorpio, 
the Point is at its fartheſt Diſtance from m to the 
Weſt of it; and its Diſtance then amounts to 4? 


2' 45”, and therefore the greateſt Equation in Time A, awhat 
is 160 11”, From thence the Days begin to in- Time: of 
creaſe, till the Sun comes to 221 Degrees of Aqua- the Year 


rius, where it has gone to its fartheft Diſtance from h Equa- 


m Eaſtward, it being there removed 3 Deg. 42+ 
Min. whence the greateſt Equation of Time is 
14' 50”: And from thence the relative Motion of 

the Point A begins again to be Weſtward, till = 
| 4 un 


tions are 


greateſt. 
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Lecture Sun comes to the 24th Degree of Taurus, or the 
XXV. Bull; and there the Point A is removed from m 1 
Loyd Deg. 14 Min. to the Weſt of the Star m, and the 
greateſt Equation of Time is + 6”, Thence it re- 
turns again to n, and moves Eaſterly, till the Sun 
comes into the 31 Deg. of the Lien; where A is 
diſtant from m x Deg. 284 Min. and the greateſt 
Equation of Time is 5' 53“: And from thence its 
Motion begins to be to the Weſt, till the Sun ar- 
rives at the 1oth of the Scorpion, and thereabouts it 
changes its Courſe arid goes Eaſtward. It is plain, 
that when the Points A and mz coincide, that there 
the mean and Apparent Time muſt likewiſe coincide, 
Hence, if we have a Pendulum Clock, accurately 
and nicely fitted, and the Motion of the Hand ſet 
to equal or true Time, the Hand of this Clock will 
always point out the Time different from the ſolar 
Time ſhewed by a Sun-Dial; except four Times a 
Year, which is about the 4th of April, the 6th of 
une, the 20th of Auguſt, and the 13th of Decem- 
er. At all other Times the Hour, by the Sun- 
Dial, will either be before, or later than that ſhewed 
by the Hand of the Clock: And about the 23d of 
October the Chck will differ moſt of all from the 
Sun, where its Motion is flower than the ſolar Time 
by 16 11”, 

Ir you inquire in what Points the Zquations are 
** the greateſt, the eminent Dr. Edmund Halky, who 
for his great Inventions is never to be mentioned by 
Aſtronomers without Honour, has given us the So- 
lution of this Problem. But to underſtand it, we 

muſt firſt lay down the following Lemma. 


LEMMA. 


IF any plain Figure be projefted orthographical!y 
en a'Plane, which is done by letting fall, from every 
Point of it, Perpendiculars on the Plane of Projection, 
the Area of that Projettion of the Figure will be 4 

1 the 
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the Planes 15 to the Radius, 


. ——— 


Fox any Figure can always be reſolved into Paral- 
lelograms, or Pane whoſe Baſes are parallel to 
the common Section of the Planes, and therefore they 
will be parallel to the Plane on which they are pro- 
jected : Wherefore the Baſes of theſe Parallelograms, 
or Triangles, and their Projections on the Plane, are 
always equal to each other, and parallel, as we have 
ſhewed in Lecture XIII. But the Perpendiculars let 
fall from the Summits, or Tops of the Triangles, 
and Parallelograms upon the Baſes, are alſo perpen- 
dicular to the common Section of the Planes, by the 
29th of the firſt EI. And therefore the Inclination 
of the Perpendiculars to the Plane is equal to the 
Inclination of the Planes to each other. And con- 
ſequently the Projections of theſe Perpendiculars will 
be to the Perpendiculars themſelves, as the Co- ſine 
of the Iaclination of the Plane is to the Radius. 
Wherefore every Parallelogram, or Triangle, is pro- 
jected into another, whoſe Baſe is equal to the Baſe 
of the Triangle, or Parallelogram projected; and 
its Height is to the Height of the Figure projected, 
as the Co-ſine of the Inclination of the Planes is to 
the Radius. But Triangles and Parallelograms, whoſe 
Baſes are equal, are as the Perpendiculars let fall from 
the Tops upon the Baſes. The Projection therefore 
of each Triangle is to the Triangle projected, in a 
conſtant and given Proportion; conſequently, all the 
Projections of all the Triangles, or Parallelograms, 
are to the Figures projected in the ſame Proportion; 
that is, the Projection is to the Figure projected, as 
the Co- ſine of the Inclination is to the Radius. 

Ir the Orbit of the Earth be orthographically 
projected on the Plane of the Aquator, by letting 
fall from each of its Points Perpendiculars, the 
Projection will be an Ellipſe, in whoſe Perimeter 
the Extremity of a right Line, let fall from the Barth 
perpendicular to the Plane af the /Equatar, will 

T3 conſtantly 
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the: Figure. projected, as the Co. fins of the Inclination of on 
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Lecture conſtantly move: And this Point, by its Motion, 
XXV. will mark out the right Aſcenſion of the Earth, or 
is Motion according to the Equator, as it is to be 
ſeen from the Sun; to which the right Aſcenſion of 
Plate the Sun, ſeen from the Earth, is always equal. Let 
XXIII. Y A C be the Ellipſe in which the Orbit of the 
Fig. 5, Earth is projected, 8 the Point of Projection of the 
Suy's Center, S the common Interſection of the 
A.quator and the Ecliptick, A any Point, where a 
Perpendicular from the Earth meets with the Projec- 
tion: The Angle JS A will meaſure the right Aſ- 
cenſion of the Sun. Now, I fay, that this Point A, 
which marks out the Motion of right Aſcenſion, will 
ſo proceed in the Ellipſe Y AC, that it will de- 
ſcribe about the Point S, elliptick Areas proportional 
to the Times. For, in a given Time, let A move 
thro' the elliptick Arch AB; draw the Lines AS, 
and BS; and the trilineal Figure ASB will be the 
Projection of the correſpondent Area, which the Earth 
deſcribes in the Plane of the Ecliptick, in the ſame 
Time round the Sun: And therefore the Projection 
ASB, will be to the correſpondent Area in the Earth's 
elliptick Orbit, as the Co- ſine of the Inclination of the 
Aquator, and the Fcliptick, is to the Radius. But in 
the fame Proportion is the whole elliptick Area 7 A 
C, to the whole Area of the EariYs Orbit: There- 
fore, by Permutation of Proportion, the trilineal 
Figure ASB will be to the whole elliptick Area Y* 
A C, as the Area, deſcribed in the Earth's Orbit 
round the Sun, is to the whole Area of the Earth's 
Orbit; that is, as the Time in which that Area in 
the Orbit of the Earth, or the Area ASB in the Pro- 
jection, as deſcribed, is to the whole periodical Time. 
Therefore, the Point A moves in the Perimeter of 
the Ellipſe at ſuch a Rate, that it deſcribes, about 8, 
Areas that are continually proportional to the Times. 
Tur ſame Things being laid down; at the Center 
8, and Diſtance SA, which is a mean Proportional 
between half the greater and half the lefler Axis of 
the Ellipſe, deſcribe a Circle; this Circle will — 
equ 
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equal to the whole elliptick Area; as it is eaſy to Lecture 


* demonſtrate from the Doctrine of the Conict Sefims: XXV. 


This Circle will cut the Ellipfis in four Points yd 


E, F, G, H: The Points of Interſection ſhew the Plate 
right Aſcenſions of the Sun, where the Equations are XXIII . 
greateſt, Imagine a Point M, to move uniformly Fig. 6. 


in the Periphery of the Circle; its Motion will then 
repreſent the Motion of our imaginary Star m, and 


will deſcribe about the Point 8, circular Sectors that 


are proportional to the Time: And becauſe the Area 
of the whole Circle, and the Area of the Ellipſe, 
are equal, the Areas of the elliptick Sectors, and 
of the circular Sectors, deſcribed in the ſame Time, 
will be conſtantly equal. Let us now ſuppoſe, that 
the Point M, in the Periphery of the Circle, and 
the Point that marks out the Sun's right Aſcenſion 
in the Ellipſe, be placed at the fame Time, both in 
the right Line SLM. Let theſe Points afterwards 
be in m and A, then the elliptick Area LS A will 
be equal to the circular Sector MS m: And becauſe 
the Arch Mm is without the Ellipſe, the Angle 
Mm will be leſs than the Angle MSA, and the 
Difference of the Angles meaſured by the Arch 
mA, which is the Equation of Time, When the 
Point, which marks out the right Aſcenſion of the 
Sun, comes to the Interſection F of the Circle and 
Ellipſe; there its angular Motion round the Sun will 
be equal to the angular Motion of the Point mn; for 
the Areas mSn, and AS F, are equal, they being 
both deſcribed in the ſame Moment of Time, and 
at the ſame Diſtance from S; and conſequently 
the Arch 9 F is equal to the Arch mn, In the Point 
therefore, F, the Motion of Right Aſcenſion is 
equal to the Motion of the imaginary Star or equal 
to the mean Motion. The fame Thing may be 
ſhewed at G, H, and E: But it was ſhewed be- 
fore, that where the Motion of Right Aſcenſion 
was equal to the Motion of the Point m, that there 
the Equations are greateſt. Wherefore, in the Points 
PF, G, H, and E, are 3 greateſt. 


3 Ir 


—— 
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Lecture Ix you inquire in what Points the Days are longeſt 
XXV. or ſhorteſt, the ſame eminent Dr, Halley has alſo 
a given us a geometrical Solution of this Problem, Let 
Which are Y S W be the Ellipſe into which the Earth's Or- 
the Points bit is projected and $ the Point of the Sun's Center, 
of the E- K the Center of the Ellipſe, Produce K S on each 
* f Hand, ſo that K G and 8H may be to K S (which 
2 is the Projection of the 'Eccentricity ) as the Square 
FR. 1 an f the Radius is to the Squate of the Sine of the 
abe Obliquity of the Ecliptick: Thro' K draw V & pa- 
Sorte. Tallel to the common Section of the Æquator and 
Plate Ecliptick, and cut it at right Anples with the Line 
XXIII. S KV: Thr G draw GF, and thro' H draw 
Fig. 7. FH, parallel to the Lines 8 W and Y ; and thro' 
S and K deſcribe the Hyperbola AB, whoſe Aſymtots 

are FG, FH. This Hyperbola, and 'its oppoſite 

CD, will cut the Ellipſe in the Points that are re- 

quired ; that is, when the Sun is in the Points of 

the Ecliptick which corteſpond with B and D, then 

the Days are the longeſt, and in B the Days are 

longer than in D: But the Points of the Ecliptick, 

which anſwer to A and C, give us the Places where 

the Days are ſhorteſt. The Demonſtration of this 

depends on the Motion of the Point that marks the 

right Aſcenſion of the dun round 8; for it deſcribes 

about it Areas that afe proportional to the Times, 

| Therefore, the angular Velocity is =" where reci- 

. procally as the _ of the Diſtance fro 


m S; con- 
ſequently, the Velocities muſt be greateſt where 


theſe Diſtances are leaſt 3 that is, where the leaſt 
Lines than can be drawn from 8 fall upon the Ellipſe; 
and the Velocities ate the leaſt, where the Lines 
drawn from S to the Ellipſe are the greateſt : But 
by the. ConſtruQtion, and the 62d Prop. Lib. V. of 
pollonius's Conicks, it is evident, that the Hyper- 
bolas will cut the Ellipſis in the Points A and C; 
where the _ Lines SA and SC are the greateſt; 
and in the Points B and D, where the right Lines 
SB and S D are the leaſt: For in theſe Points the 


Lines, S A, SB, SC, 8D, are perpendicular to the 


Curve. 
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Cutye, Hence the Motion of the Sun, according to Lecture 
his Right Aſcenſion, will be quickeſt in B and D; XXVI. 
and therefore the Days will be then the longeſt ; and. 


the Motion being ſloweſt in C and A, the Days will 
be there the ſhorteſt. | 


. 


LECTURE XXVI. 


Of the Theories of the other Planets. 


FTER having explained the Theory The Theo- 
of the Earth's annual Motion, and rie of the 
WW ſhewed the Methods by which the Planet, 
Form of its Orbit, and the Poſition £114 by 
of the Ap/ides are determined, we may '** Earth's 
then, by the Help of Afronomical Ta- Motion. 
bles, compute for any Time, the Place of the Earth 
in the Ecliptick from the Sun, and its oppoſite Point 
in which the Sun appears to be, as he is obſerved by 
us. We will now come to explain the Theories of 
the other Planets, the Knowledge of which cannot 


be attained without the Earth's Motion being per- The Helio- 
fectly known. ' Centrick 


Bur the Periods of the Planets, or the Times ©*48*9<-n- 
they take to complete their Circulations, are to be '77* b. 
found out in the firſt Place, For which Purpoſe FI & be 
we muſt obſerve, that when any ſuperior Planet ;,;, ©,,,. 
comes to an Oppoſition with the San, they then ſition to the 
appear in the ſame Point of the Ecliptick, ſeen Sun coin- 
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from the Earth, as they would do if the Eye 
were in the Sn, and obſerved them from thence ; as 


way — alſo the inferior Planets, when they are in Con- 


* * 
Hoa to 


junction with the Sun, and are obſerved in the 
Sun's Diſk: If there were an Obſerver in the Sun, 
he would ſee them in the oppoſite Point of the E- 
cliptick, in which we behold them: And there- 
fore, whenever a ſuperior Planet is in Oppoſition 
to the Sun, his heliocentrick and entrick Places 
coincide: But when an inferior Planet is in Con- 
22 with the Sun, and is ſeen in his Diſk, the 
eliocentrick and geocentrick Places are oppoſite to 
each other. Moreover, in the inferior Planets, 
when they are at their gr@tMt Elongations from 
the Sun, the Angle at the Su#s-Center, contained 
between the right Lines drawn to the Earth and 
Planet, is nearly the Complement of the Elonga- 
tion: For in Orbits which are nearly circular, a Line 
touching the Orbit is almoſt perpendicular to the 
Line drawn from the Sun to the Point of Con- 
tat: And therefore that Angle will be given. But 
we have the Point of the Ecliptick, in which the 
Earth is at that Time, ſeen from the Sun; and 
conſequently, the Point of the Ecliptick in which 
the Planet is, ſeex from the Sun. And therefore, in 
theſe Poſitions, we have the heliocentrick Places of 
the Planets. 


IF then any ſuperior Planet, as for Example 


find nearly Jupiter, were obſerved when he is in Oppoſition 
the periodi to the Sun: And again, if he were likewiſe ob- 
ca Time of ſerved when he comes next in Oppoſition to the 


a Planet. 


Sun; we {hall have that Arch which the Planet, 
ſeen from the Sun, has in the mean Time de- 
ſcribed. Say, as that Arch is to the whole Cir- 
cumference, ſo is the Time between the Obſer- 
vations to a Fourth, which will be nearly the pe- 
riodical Time of the Planet. After the ſame Man- 
ner by obſerving two heliocentrick Places of an 
inferior Planet, we may nearly colle& its pe- 
riodical Time, I ſay nearly, and not exactly; * 


— ———— — 
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the Calculation ſuppoſes, ' that the Motion of the LeQure 
Planet is in a Circle, and that thro* the whole Period XX VI. 


it is uniform, which is not true. 


— 

Tux following Method for finding the periodical 4 more ac- 

Time is more accurate. Obſerve a Planet twice curate Me- 

ſucceſſively in the ſame Node; that is, let there be 0d of bo 
two Obſervations, when the Planet about the ſame g! 


Part of its Orbit, has no Latitude, which can only/ 


happen when the Planet has really no Latitude, and 
is placed in its Node: The Time between the two 
Obſervations will be equal to the periodical Time 
of the Planet. For, becauſe all the Planets move 
in Orbits, whoſe Planes are different from the Plane 
of the Ecliptick, and the Sun is in the common 
Focus of all the Orbits, theſe Planes will all cut 
the Ecliptick, in Lines which paſs through the 
Sun, and in the Interſections of theſe Lines with 


the Ecliptick are the Nodes; and the Planet in the 


whole Time of its Period, can never be obſerved 


but once, in one and the ſame Node, Now the 


Nodes are either at reſt, or they have a very flow 


Motion, ſo that for the Space of one Period, they 
may be eſteemed as at reſt. And therefore, if we 


know the Time between two Arrivals of a Planet 
at the fame Node, immediate following each 
other, we ſhall likewiſe know the Time of a Planet's 


Period. 


By the very ſame Obſervations, if we have the 


Theory of the Earth's Motion, we can find the 


Poſition of the Line of . the Nodes or the Points 


of the Ecliptick, in which that Line does interfect 


it. Let AT B, be the Orbit of the Zarth, CN D 


the Orbit of the Planet, NSz the Line of the 
Nodes; and in the firſt Obſervation, ſuppoſe the 


Earth in T, and the Planet to be obſerved, in 


N: And becauſe the Place of the Planet, ſeen from Table 
the Earth, is known by Obſervation, and the appa- XX1V. 


rent Place of the Sun, at the Time, is known by Fig. 1. 


the Theory of the Earth's Motion, we have the 


Arch of the Ecliptick, between the two Places, 2 
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Lecture the Meaſure of the Angle NTS. In the ſeeond 
XXVI. Obſervation, let the Earth be in t, and the Planet 
Vn the ſame Node N, and we ſhall have, by the fame. 


Horb to 
find thePo- 


fetion of 
the Nodes. 


To find the 
FJuclinatian 
of the Pla- 
net's Orb 
to the E- 
clipticł. 


Plate 
XXIV. 
Fig. 2. 


Way, ehe Angle N: 8. In the right-lin'd Tri- 
angle TS, we have the Sides T'S, 28, and the 
Angle T Sf, which is known by the Theory of the 
Earth; therefore, by Triganometry, we can find the 
Angles $T t, and StT, as likewiſe the Side T: 
Therefore, from the known Angles ST ?, take away 
the known Angle ST N, and we ſhall have the 
Angle NT. To the known Angle nt, add the 
Angle St T, which was found out, and we have 
the Angle Net T. Then, in the Triangle Nt T, 
we have all the Angles, and the Side f T; conſe- 
quently, we ſhall have the Side NT, the Diſtance 
of the Planet from the Zarth, at the firſt Obſerya- 
tion, Laſtly, in the Triangle NTS, we have the 
Sides NT and T'S, and the Angle N TS, which 
was known by Obſervation 3 conſequently we ſhall 
find the Side NS, the Diſtance of the Planet from 
the Sun, when he 4s in the Node, and the Angle 
TSN, which ſhews the Poſitions of the Line 6f 
the Nodes; for that Point of the Ecliptick which 
the Earth is in, ſeen from the Sus in the Time of 
the Obſervation, js known; and the Angle TSN 
is likewiſe known: Therefore we have the Point of 
the Ecliptick N, in which the Node is placed, ſeen 
from the Sn; and the Point x oppoſite to it will be 
the Place of the other Node, And therefore the Po- 
ſition of the Nodes is found. 

Tre Places of the Nodes being once determined, 
we ſhall eaſily find the Inclination of the Plane of 
the Planet's Orbit to the Ecliptick : For having the 
Places of the Nodes, we can find the Time when 
the Eartb, ſeen from the San, is in one of them. 
At the fame Time, obſerve the geocentrick Latitude 
of the Planet, and his Diſtance from the oppoſite 
Node: Thea the geocentrick Latitude of the Planet is 
equal to the helrocentrick Latitude it will have, when 
ſeen from the Sun, at the ſame Diſtance from the 


Node; 


LECTURES. 


Nede that is, make the Angle u 8 p, equal to the Lecture 
Angle NP, and the Latitude of the Planet at p, XXVI. 
obſerved from 8, will be equal to its Latitude at bf 


obſerved from N. For let CPD be the Orbit of 
the Planet, NS the Line of the Nodes, BNT a 
Portion of the Orbit of the Earth, in which ſuppoſe 
the Earth to be at N, in the Line of the Nodes, 
and the Planet in its Orbit to be at P; and then the 
Sun Earth and Planet, will be all in the Plane of 


the Planet's Orbit. From the Point P, on the E- 


cliptick's Plane, let fall the Perpendicular PE, and 
in the Plane of the Ecliptick draw the Line NE; 
then the Plane of the Triangle NPE will be per- 

pendicular to the Ecliptick, and the Angle PN E 
will be the viſible Latitude of the Planet, ſeen from 
the Earth. Through 8, draw Sp f parallel to NP, 
and pe parallel to PE; and the Plane through Sp, 
and pe, will be parallel to the Plane NPE, and 
conſequently perpendicular to the Plane of the Eclip- 
tick; and therefore Se, the common Section of the 
Ecliptick, with this Plane, will be parallel to N E. 
And becauſe NP and NE are parallel to Sp and 
Se, the Angle pSe, the Heliocentrick Latitude, will 
be equal to the Angle PNE, the Latitude of the 
Planet obſerved from the Earth, ig the Node W. 

LeT nf be a Portion of the Planet's Orbit, ex- 
tended to the Heavens, 1h a Portion of the Eclip- 
tick, Fh a Circle of Latitude 'paffing through the 
beliocentrick Place of the Planet. In the right-angled 
ſpherical Triangle = / h, having uh, the Diſtance 
of the Planet from the Node, equal to what was 
obſerved when the Zarth was at N, and the Latitude 
b, equal alſo to what was obſerved at N, we can 
find from thence the Angle /, the Inclination of 
the Plane of the Orbit of the Ecliptick, which was 
to be found out. 

Having once found out this Inclination, by Ob- 
ſervation we can find out the heliocentrick Place of 
the Planet, and his Diſtance from the Sun, when 
ever he comes in Oppoſition to the Sur. 4 

ET 
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Lecture LET ATB be the Orbit of the Earth, DPE 

XXVI. the Orbit of the Planet: Suppoſe the Planet in P, 

and the Earth in T, and NS the Line of Nodes, 

How to in which the Sun is in S. The Planet being in Oppo- 

Hund ihche- ſition to the Sun, its Place, reduced to the Eclip- 

liocentrick tick, will be in the Line 8 T, which paſſes through 

1 and the Earth. Obſerve the Angle PT E, the Planet's 

TA geocentrick Latitude, and we have the Angle PST), 

rom i”; . his beliocentrick Latitude, becauſe we have the Planet's 

{he Planet Diſtance from the Node. Likewiſe by the Theory 

ir in Oppo. of the Earth's Motion, we have 8 J, its Diſtance 

fition tothe from the Sun. And therefore, in the Triangle PST, 

Sun. having all the Angles, and one Side 8 T, we ſhall 

Plate find SP, the Diſtance of the Planet from the Sun; 

XXIV. and the Angle PS, the Diſtance of the Planet 

Fig. 3- from the Node, is found by the heliccentrick Latitude; 

by which Means we have the Place of the Planet, 

in its own Orbit. In the ſame Manner, if we have 

any other two Obſervations of the ſame Planet, in 

a Poſition or Aſpect oppoſite to the Sun, we ſhall have 

the Poſition and Magnitude of three Lines, through 

whoſe Extremities the Planet's Orb paſſes, and the 

Sun is in one of the Foci of the Orbit. And there- 

fore, to determine this Orbit, its Form and Poſi- 

tion, we muſt deſcribe an Ellipſe, whoſe Focus is 

given, and which will paſs thro' three given Points. 

The Geometers ſhew the Method of conſtructing this 

N Problem, and we will likewiſe give the Solution of 
it hereafter, 

To find the T HOUGH a Planet were not in an achronical Po- 

heliocen- ſition, but in any other Aſpe& beſides, in Oppoſi- 

trick Place tion to the Sun; yet, by one Obſervation, its Di- 

and Di- ſtance from the Sun, and Heliacentrict Place may be 

fiance, found, Suppoſe PAE the Orbit of the Planet, 

when the TG H the Orbit of the Earth, Let the Earth be 

Planet is in T, and the Planet in P, and the Sun in 8, in the 

5%, 4 Line of the Nodes NS. From P let fall the Per- 

hee. pendicular PB, on the Plane of the Ecliptick : Draw 

Plate BT, and produce it, till it meets with the Line of 

XXIV. the Nodes in N, and the Plane of the Triangle 

Fig. 4 NPB will be perpendicular to the Plane of the E- 

cliptick. 


geocentrick Latitude, and the 
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eliptick. Let the Line CT, be alſo perpendicular Lecture 
to it, and meet with the Plane of the Planet's Orb XXVI. 
in C. From T, upon the Line 8 N, let fall the wowed 


Perpendicular T D; join the Points D and C, and 
the Angle TDC will be the Inclination of the Pla- 
net's Orbit to the Ecliptick, which Angle is there- 
fore given, Obſerve the Ange BTP, the Planet's 

ngle B T'S, its Elon- 
gation from the Sun, according to the Ecliptick. In 
the Triangle N TS, from the Theory of the Earth 
we have the Side ST, the Diſtance of the Earth from 
the Fun, and the Angle TS N, which is known by 
the Place of the Earth and Node, in the Ecliptick, 
as alſo the Angle 8 TN, the Complement of the 
AngleSTB to two Right Angles: Hence we ſhall 
have NT. In the right-angled Triangle T SD ha- 
ving T'S, and the Angle 'T SD, we ſhall find TD; 
and therefore, in the right-angled Triangle TDC, 
having T D, and the Angle 'I DC, the Inclination 
of the Orbit to the Ecliptick, we ſhall find the Side 
TC. In the right-angled Triangle T CN, we have 


TC and NT; and therefore we can find the 


Angle TN C. And again, in the Triangle NT P, 
we have all the Angles; for the Angle NTP is 
the Latitude of the Planet found hy Obſervation, or 
its Complement to two Right Angles, and the Angle 
PNT juſt now found, as alſo the Side NT; where- 
fore we ſhall find the Side TP. In the Triangle 
PT B, rectangular at B, we have the Side TP, and 
the Angle PT B, which is the Latitude obſerved ; 
wherefore, we ſhall have the Sides BT and BP. 
And in the Triangle TS B, having TB and TS, 
and the Angle BTS, we ſhall have the Side 8 B, 
which is called the curtate Diſtance of the Planet 
from the Sun, as alſo the Angle TS B, and conſe- 
quently, the heliocentrick Place of the Planet reduced 
to the Ecliptick. Laſtly, In the Triangle PBS, we 
have the Sides PB, BS, and by them we ſhall have 
SP, the Diſtance of the Planet from the Sun, and 
the Angle PSB, the heliacentrict Latitude of the 
Planet, But having the holivcentrick Latitude, -_ 

8 
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Lecture the Inclination of the planetary Orbit to the Eclip- 
XXVI. N. we 2 fin the My g 8 from the 
Ly Node, and conſequently, his Diſtance from the 
| Node, in his proper. Orbil and his centrick Place, 
ſeen from the Sun, If, b this Method, we find 
out two other heliocentrick Places of the Planet, and 
the Diſtances from the Sun, having likewiſe. the Focus 
of the Orbit, which is the Center of the. Sun, we 
may deſcribe an Ellipſe, which ſhall paſs through the 

given Points, and be the ric of the Planet, 
Dr. Hal- THE moſt ingenious Dr. Hall contrived an- 
ley's Me- other Method for finding out the centrical Plages of 
thod of de- the Planet, and its Diſtances from the Sun; which 


termining 


* helic. ſuppoſes only, that the periodical Time of the Pla- 


centrick 2% is known. Let K L B be the Orbit of the 


Place and Earth, & the Sun, P the Planet, or rather the Point 
Di/ftance in the Plane of the Ecliptick on which the Perpen- 
from the dicular let fall from the Planet meets that Plane. 
Sun. And firſt, when the Earth, is in K, obſerve the geo- 
Plate Ccentrick Longitude of the Planet, and having the 
XXIV. "Theory 3 Harth, we have the apparent Lon- 
Fig. 5. gitude of the Sun; wherefore we have the Angle 
PS The Planet, after it has compleated an in- 

tire Revolution, does again return to. the ſame 

Point P; at which Time ſuppoſe the Farth in L., 

and there \ Fs let the Planet be obſerved, and find 

the * LS, the Elongation of the Planet from 

' . , the Sun, Having the Times of the Obſervations, 
we have the Places af the Earth in the Ecliptick, 

or the Points K and L, and conſequently, the An- 

gle LSK, and the Sides LS and SK; wherefore 

we ſhall have the Angles 5 K I. and 8 LK, and the 

Side LK. From the known Angles S K P and 

SLP, take away the known Angles SK L and 

SLE, and we all bave tbe A PK L and 

PL K known; therefore, in the Triangle PL K, 

having all the three Angles, and the Side L K, 

we ſhall find the Side P L: and, in the Triangle 

PLS, having the Sides PL and LS, and the in- 
tercepted Angle PLS, we ſhall have the Angle 

LS P, which determines the helbrcentrick Place, 

an 
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ip- and its Diſtance from the Node, according to the LeQture 
the Ecliptick, as alſo the Side 8 P. But, as the Tan- XXVI. 
the gent of the geocentrick Latitude is to the Tangent. 
ce, of the Heliocentrick, ſo is the curtate Diftance of 
ind the Planet from the Sus to its curtate Difance from 
ind the Earth. But, by Obſervations, we have the Pla- 
cus net's geocentrick Latitude, wherefore its helbocentrick 
we Latitude will alſo be found. By which, and the 
the curtate Diflance of the Planet from the dun, we can 

find out the true Diſtance which was wanted. If, by 
in- this Means, we acquire three heliacentricſ Places of 
of the Planet, and the correſpondent Diſtances from 
ich the Sun, we ſhall have the Form of the Orbit, and 
la- the Poſition of the Apſides, by deſeribing an Ellipſe, 
the which ſhall paſs through three given Points, This 
int Ellipſis is determined by the following Method, 
n- LeT 8 D, SC and 8 B, be three Lines given To diſcribe 
ne. in Magnitude and Poſition. Draw DC and BC, @ Planct' 
eo- and produce them, fo that DF may be to C F, Orbit, or 
the as DS is to CS; and afo CE to BE, as CS is #2 /nd 118 
n- to BS. Join FE, on which, from $ let fall the Pier 
gle Perpendicular 8 G, which will give the Poſition of and ccen- 
in- . the Axis. Draw the Lines DK, Ci and BH; R 
me and cut $G in A, and produce it, fo that GA XXIV 
L may be to SA, as KD is to SD; and alſo Ga pig. 6. 
nd be to 8 a, in the ſame Proporton; and make 34 * 
m equal to SA. And the Points A and à are the 
ns, Fertices or Apfides of the Orbit, whoſe Hei are S 
k, and s, and greater Axis Aa; and if, with theſe 
v ides and Hai, we deſcribe an Ellipſe, it will be 
pre the ſame Form with the Orbit of the Planet. 
be For, becauſe 8 D is to CS, as FD is to FC, and 
nd ſo DK is to Ci; by Change of Proportion, D S 
nd is to DK, as CS is to Cz, and fois SB to 
nd BH. But as DS is to D K, fo, by Conſtruction, 
A is SA to GA, and Sa to Gaz; therefore, as 
. S A: GA: : 82 —- 4 or SS G- AG, or Aa. 
le And therefore, we have SD: DK:: SC: C. 
n- 8 B: BH:: S,: A. But this is the Property 
le of an Ellipſe whoſe Focus is 8, and greater * 
e, 45 
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Lecture A a, as is demonſtrated by the Writers of Conicks; 

XXVI. and particularly by Mr Mines, in his Treatiſe of 

Jy Comick Settions, Part IV. Prop. g. It is evident 
therefore, that the Ellipſe deſcribed with the Foci 
Ss, and Axis Aa, will paſs through the Points B, 
C and D, 

Bc aus in Afironemy a Calculation is always 
preferable and more uſeful than the neateſt Con- 
ſtruction, the Form and Poſition of the Ellipſe is 
in this Manner found out by Computation, In the 
Triangle DSC, having the Sides DS and CS and 
the Angle DSC, we can find out the Side D C, 
with the Angles SCD and SDC; and, in the 
fame Manner we can find in the Triangle BSC 
the Side BC, and the Angles SBC and 8 CB: 
And, becauſe we have the Ratio of DF to CF, 
and we have DC, we ſhall alſo have CF. In 
like Manner, becauſe we have the Ratio of CE 


to BE, and we have BC, we ſhall have CE *. 
and BE. But we have the Angle BCD, equal, * 
to the Sum of two known Angles, and therefore, vie 
we have the Angle F CE, its Complement to two 8 
Right Angles. In the Triangle FCE, we have © 
the Sides FC and CE, and the Angle FCE; tt 
wherefore we can find the Angle FEC, and, its, N 
Complement to a Right, the Angle i C E; to which 
adding the known Angle S CB, we have the whole 1 
5 Angle S Ci: And beeauſe Sg and Ci are pa- 8 
rallel, the Angle CSà is equal to the Angle S Ci: E 
Having — the Angle CS a, we have the 


Poſition of the Axis. In the right-angled Tri- 
angle E Ci, having EC and the Angle E, we 
can find Ci; and therefore, we can find the 
Proportion of CS to Ci. In the Triangle CSL, 
right-angled at L, we have the Angle CS L, the 
Complement of the Angle CS@ to two Right 
Angles and the Side C8: Therefore, we ſhall 
have 8 L, to which adding L G, equal to Cz, 
we have the whole 8 G: And becauſe C'S and 
Ci are known, their Proportion will be _ 


LECTURES. 337 
As Cs is to Ci, ſo let SA be to A G, and ſo let Lecture 


— 8 4 be to aG, and fo let Ss be to Aa, and we have XVI. 
— the Apſides of the Ellipſe A and a, and its Foci s 
B, and s, which were to be found. 
We ſhewed above, how by an Obſervation to 
ys find the heliocentrick Place of a Planet; and we have 
th now ſhewed how to determine the Poſition of the 
FR Aphelion, by which Means we can find the Diſtance 
be of a Planet from the Aphelion, at the Time of the 
id Obſervation ; this Diſtance from the Aphelion is cal- 


led the true or co-equated Anomaly of the Planet. 
But having the Eccentricity of the Orbit, and the 
periodical 'Time, we ſhewed before how to find the 
Planet's mean Anomaly, in the Lecture in which 
we gave the Solution of Kepler's Problem; there- Hav to 
fore, at the Time of the Obſervation, we ſhall have da Pla- 
the mean Anomaly of the Planet, or the Place he net's mean 
would have in his Orbit, did he conſtantly proceed Anomaly. 
with the ſame angular Motion round the Sun, This 
being once obtained, we have the Planet's mean Mo- 
tion for any other Time, For ſay, as the periodi- 
cal Time of the Planet is to the Time between the 
Obſervation and the Moment of Time for which 
the mean Place is deſired, ſo is 360 Degrees, or a 
whole Circle, to a Fourth, This Agch, it the Time 
receeded the Obſervation, being ſubtracted from the 
lace before found, or added to it, if it comes after 
the Obſervation, will give the mean Place of the - 
Planet for the Time propoſed. 
| For the more eafily finding the mean Place of a 
Planet, for any Moment of Time, it will be eaſieſt 
to take out its Motion from the 4/tronomical Tables, 
in which is ſet down the Planet's mean Place or 
mean Anomaly, in the Beginning of any remarkable 
Ara; ſuch as is from the Birth of our Lord, the 
Ara of Nabonaſſer, of the Creation, the Building of The Radix 
Rome, or the firſt Year of the Julian Period. The erEpocha. 
Places of the Planets, at theſe Inſtants of Time, 
are found by the preceeding Methods, and are com- 
puted according to the Meridian of equal Time, and 
2 not 
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Lecture not for the apparent Time. The Place for that Time 
XXVI. is called the Epocha or Radix, that is, the Root 
from which, as from an immoveable Foundation, all 
the Motions are calculated, | 
Mow ts Ir the Times be numbered by the Years from 
compuretbe the Birth of CHRIST, or from the Beginning of 
meanAno- the Julian Period, it will be moſt convenient that 
maly, the Year take its Beginning from that Mid-day 
which preceeded the firſt of Fanuary; fo that at the 
Mid-day of the firſt of January there is one ET 
compleatly finiſhed. Say, as the periodical Time 
to a common Year 365 Days, ſo is a whole 
Circle, or 360 Degrees, to a Fourth, which will be 
the mean Motion of the Planet for one Year. In 
like Manner fay, as the periodical Time is to a Day, 
ſo a whole Circle is to a Fourth, and we ſhall have 
the mean Anomaly pertaining to one Day, And 
by working with the like Proportion, we ſhall have 
the mean Anomaly fof an Hour, and for every Mi- 
nute and Second, And if we add the Motion for 
one Year continually to itſelf, we ſhall have the 
Motion in two, three, and four Years: But becauſe 
every fourth Year is Biſſextile, and conſiſts of 360 
Days, to the Motion of the fourth Year we muſt 
add the Motion of one Day; then, by conftantly 
adding the Motion of one Year, we ſhall have the 
Motion of five, fix, and ſeven Years, But the Mo- 
tion of the eighth Year is to be increaſed by the 


Motion of one Day, or - rather the Motion of four 


Years is to be doubled, to have the Motion of eight 
Years, becauſe that Year is Biſſextile, From theſe 
Motions, fo collected by Addition, we muſt always 
reject the whole Circles, or 360 Degrees; for after 
a Planet has completed its Circle, it returns to the 


ſame Place. By this Method we have the mean 


Place of the Planets to twenty Years; and if the 


Motion of twenty Years be —_ added to it- 


ſelf, we ſhall have the mean Place for 40, 60, 80, 
and 100 Years; and to each of them add the Mo- 
gon of ten Years, and we have the „ 

a aces 
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3 
Places for 3o, 50, 70, and 90 Years. And by the Lectu 
continual Addition of the Motions of 100 Years, XXVI. 
rejecting always whole Circles, we ſhall have tb. 


Motions, of 200, 300, 400, 500, c. Years, even 
to 1000: And proceeding in the ſame Way, we 
ſhall have the Motion of 2000, 3000, 4000, and 
5000 Years, and ſo as far as you will. 

THEse Motions, being in this Way computed, 
are to be diſpoſed - in Tables, which are called Ta- 
bles of the mean Motion; or mean Anomaly, when 
they are numbered from the Aphelion ; and they are 
found in Aftronomical Tables for each Planet. But 
if the mean Motions are computed for the Equi- 
noctial Points, inſtead of the periodical Time, you 
muſt take the Time the Planet revolves in the Zo- 
diack, which is ſomewhat leſs than the periodical 
Time, becauſe of the Preceſſion of the Equinocties, 
by which the Interſection of thoſe Points meet the 
Planet. If the Aphelion of the Planet be ſuppoſed 
to move, this Motion muſt be conſidered ; and the 
Motion of the Equinoxes, and of the Aphelia, 
(which, for ought we know, are equal but in the 
Moon) are likewiſe to be computed and diſpoſed in 
Tables, for Years, Tens, Hundreds, and Thouſands 
of Years, as the other mean Mogions are; that for 
any Time, we may have the Places and Diſtances 
or the Aphelia from the Equinoxes. 

THE Aftrenomers have ſome other Tables which 
give the true Anomaly, anſwering to every Degree 
of mean Anomaly, which are computed by fome of 
the Methods delivered above in the former Lectures. 
If Minutes and Seconds are added to the mean Mo- 
tions, we muſt take the Difference of the true Auo- 
malies, which are one Degree diſtant from each 
other; and, by proportioning, we muſt add that Part 
which is to be added to the tabular Auomaly which 
is next leaſt, or is to be ſubtracted from it, if it be 
next greateſt, 

Fon the Motions of the Sun and Joon they com- 
monly compute the Equations or Profthapherefes ; 
| 2 2 which 
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Lecture Which are the Differences between the true and meat 
XXVI. Anomaly; and they, either ſubtracted or added to 
Lym the mean Anomaly, as the Planet is in the firſt or 
ſecond Semicircle of Anomaly, give the True. 
The Argu- HAVING the Places of the Aphelion and Nodes, we 
ment of have their Diſtance from each other : And therefore, 
Latitude. having the true Auomaly of the Planet, we have 
its Diſtance from the Node, which is called the Argu- 
ment of Latitude, by which, and an eafy trigonometri- 
The cur- cal Calculation, we can find the centrical Latitude 
tate Di- of the Planet, and its curtate Diſtance from the Sun, 
ſtance of which is the Diſtance from the Sum to that Point, 
Planet. where a Perpendicular, let fall from the Planet, 
meets with the Ecliptick. And thus we have ſhewed 
how to find the centrical Place and Latitude of the 
Planet, and its curtate Diſtance from the dum. After 
theſe are found, we ſhall likewiſe be able to find his 
geocentrick Place, or where he will be ſeen from the 
Earth, in the following Method, 
FinD firſt the Planet's heliocentrick Place, and 
curtate Diflance from the Sun, as alſo the Earth's 
Plate Place and Diſtance from the ſame. Let T CF be 
XXVI. the Orbit of the Earth, in which the Earth is in T; 
= | Fig. 1. APE the Orbit of the Planet, and its Place P, the 
s Sun 8, SN the Line of Nodes. From the Place 
1 of the Planet let fall, on the Plane of the Ecliptick, 
| the right Line PB; draw SB, and produce it till 
it meet with the Ecliptick in the Planet's Place re- 
| duced to the Ecliptick ; which Place is found by 
W | the Arch PN, and the Inclination of the Orbit to 
W | the Plane of the Ecliptick, which are known: But 
| we have the Place of the Earth ſeen from the Sun; 
14 and* therefore we have the Diſtance between them, 
W | The Angle or the Angle TS B, which is called the Angle of 
| Com- Commutation. Then, in the Triangle ST B, we 
: 2 mutation. have 8T, the Diſtance of the Earth from the Sun, 
and 8 B, the curtate Di/tance of the Planet; where 
fore we ſhall find the Angle ST B, the Elongation 
of the Planet from the Sun, or the Arch of the 
Ecliptick intercepted between the Sun's Place =_ the 
A = anet's 


„ „„ Wai ed fox © tn.) x4 10 


nm 


— — — 
— — —— Sr e — 


LECTURES. 341 


Planet's Place, reduced to the Ecliptick ; as alſo Lecture 


TB, the curtate Diſtance of the Planet from the XXVI. 
Earth. But the Place of the Sun is given, for it is wand 
oppoſite to the Place of the Earth ſeen from the ; 
Sun Wherefore alſo we ſhall have the Place of the How to 
Planet in the Ecliptick, as it is ſeen from the Earth, compute 
Moreover, in the two :Triangles PSB and T PB, e Pla- 
that are rectangular at B, the Tangent of the Angle vet geo- 
PSB is to the Tangent of the Angle PT B, as TB centre 
is to SB: But as T B is to SB, fois the Sine of Place. 
TSB, the Sine of the Commutation, to the Sine of 
the Elongation 8 T B. Wherefore ſay, as the Sine 
of the Commutation is to the Sine of the Elongation, 
ſo is the Tangent'of the heliocentrick Latitude to 
the Tangent of the geocentrick Latitude, which was 
to be found. And by theſe Means the A/#ronomers 
are able to find, for any Inſtant of Time, the geo- 
centrick Place and Latitude of any Planet. | 
ComPARING the Diſtances of the Planets from The Har- 
the Sun, with the Times of the Periods round him, mony be- 
we find that they all obſerve a wonderful, regular, een the 
and elegant Harmony and Law, viz, 1 
Tur Squares of the periodical Times are in all of 
them proportional to the Cubes of their mean Diſtances , p, © 
from the Sun. Now their Perigds and mean Di- 
ſtances are theſe, which we here give in the following 
Table, | ; - 


4 hiv "ts 2 Mean Diftances, 
10759 6 36 261953890 
4332 12 20 35520110 
23 27 30152369 
365 6 9 30 looooo 
224 16 49 24 72333 
$7 - 23; 19 53| 38710 


TRE illuſtrious Mathematician Mr. Huygens has 
determined very nicely the Diameters of the' Pla- 
nets, by comparing thera with that of the Sur, in 

2 3 | his 
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Lecture his Saturnian Syflem, which he did by the following 


XXVI. 


Method. 


— CTCorxxicus, by bis new and divinely invented 


The Dia- 


Syſtem, has ſhewed us how to find out the Diſtance 
of each Planet from the Sun, in Proportion to the 
Earih's Diſtance from the ſame: But their apparent 
Diameters, and how much ſome are bigger than 
others, has been diſcovered by the Help of the Le- 
lefcope, Far by comparing the Proportions of their 
Diſtances and apparent Magnitudes, the Proportion 
of their true Bigneſs to that of the Sun will eaſily be 
found, by the Principles we have laid down in our 
fitſt Lecture. 


As ſor 3 the Diameter of bis Ring rhen 


meters and he is neareſt to us, ſubtends an Angle of 68 Seconds, 


Magni- 
tudes of 
the Pla- 
net &/tt- 
mated. 


And becauſe this leaſt Diſtance, of Saturn is near 
eight Times the mean Diſt of the Sun from us, 
it follows, that if Saturn as near us as the Sun 
is, the Diameter of Ring would appear eight 
T imes bigger than now it does, that is, it would be 
4% But the Diameter of the Sw: in his mean 

iſtance is 30“ go”, Therefore the Proportion of 
the Diameter of the Ring to the Diameter of the 
Sun, is that of 9* 4 to 30' 3o”, which is near the 
Proportion of 11 bo 37. But the Diameter of Sa- 
turn's Body is to the Diameter of the Ring, as 4 to 


9; that is, nearly as 5 to 11: And therefore it is to 
the Diameter of the Sun, as 5 to 37, 


JuprTER's Diameter, when he is next to us, is 
64 Seconds; and then his ' Diſtance is to the mean 
Diſtance of the “un, as 26 to 5; ſay, as 5 is to 26, 


ſo is 64 Seconds to a Fourth, which will be 5* 35”; 


which is the Bigneſs of the Angle that Jupiter's Di- 
ameter would ſubtend, were he as near as the Sun 
is: But the Sun is {een under an Angle of 30“ 30”; 
therefore the Proportion of Jupiter's Diameter ta 
that of the Sur, is, as 5 35” to 30“ 30”; that is, 
a little more than 1 to 5+. 

VENUus, when ſhe is neareſt the Earth, ſubtends 
an Angle of 85 Seconds, and then her Perigæon 


Diſtance 


8 2 5 * i — . ; 
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Diftance is to the mean Diſtance of the Sun nearly, Lecture 
as 21 is to 82: And therefore, if Venus were re- XXVI. - 
moved to the Diſtance of the Sun, her Diameter 


would be only 21” 46”: And therefore we know 
that the Diameter of Venus is to that of the Sun, as 
21” 46“ to 30”; that is, as 1 to 84. 

Bur the Diameter of Mars, when neareſt to the 
Earth, is not greater than 30”: And therefore, fince 
the leaſt Diſtance: of Mars is to the Sun's mean 
Diſtance, as 15 to 41; the Proportion of Mars's 
Diameter will be to the Sun's Diameter, as 1 is to 
166: Therefore Mars is but half the Bigneſs of Ve- 
nut in its Diameter. - Hevelivus, by Obſervations, 
found, that Mercury's Diameter was to that of the 
Sun, as 1 is to 290. 

TE Magnitude of the Earth, in Compariſon of 
that of the Sun, is variouſly eſtimated by the A/iro- 
nomers: They who ſuppoſe the horizontal Parallax 
of the Sun to be 15 Seconds, muſt make the Di- 
tance of the Sun from us, to be but 13750 Semi- 
diameters of the Earth; and the Diameter of the 
Earth will be to the Diameter of the Sun, as 1 to 
61: But we have a probable Argument, which proves 
the Diſproportion or Inequality greater. For, be- 
cauſe the Diameter of the AAo is ſomewhat more 
than a fourth Part of the Diameter of the Earth, if 
the Parallax of the Sun were 15 Seconds, then the 
Body of the Joon would be greater than that of 
Mercury; but it ſeems incongruous that a ſecondary 
Planet ſhould be greater than a primary Planet. Let 
us ſuppoſe therefore, that the Semidiameter of the 
Earth, ſeen from the Sun, be 11 Seconds, as it was 
lately collected from the Parallax of Mars, obſerved 
by Dr. Helly and Mr, Pound: And then the Earth's 
Diſtance will be nearly 20000 Semidiameters of the 
Earth, and the Moon will be leſs than Mercury, 
And the Proportion of the Diameter of the Earth 
to the Sun will be that of 1 to 83; to which Pro- 
portion we may give our Aﬀent, till by an Obſer- 
vation of Venus in the Sun's Body, which will happen 
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Lecture in 1761, we may be made more certain of the Sun's 
XXVI. Parallax. Therefore the Diameter of the Sun is ta 


Wony nd the Planets Diameters, nearly in the Proportions re- 


preſented in- the following Table. 


Saturn 137 

* | | Jupiter 181 
The Diameter of the dun] Mars (as 1000} 6 
is to the Diameter of j the Earth is to 12 


Venus © 12 

L Aercury 4 

_ AND becauſe Spheres are to one another, as the 
Cubes of their Diameters, — 3 

Saturn 2571353 

Jupiter 5929741 

The Sun — | as 1000000000 216 

will be to ) the Earth is to 1728 

Venus 1728 

> Mercury 64 


5 Hence it follows, that the Sun is a hundred and 
ſixteen Times bigger than all the Planets put together. 


Saturn is 400 Times leſs than the Sun: But for Quan- 


tity of Matter it is 2400 Times leſs than the Matter 


Jupiter is of the Sun. Jupiter, the biggeſt of all the Planets, is 
bigge) than 160 Times leſs than the Sun, and his Matter that 


all the 
Planets 
put to- 


gether, 


compoſes his Body, is 1033 Times leſs than the Mat- 


ter of the Sun. t our Earth, if it be compared 
with the Sun, is but of a very ſmall Magnitude, and 
not bigger than a phyſical Point; for it is 500000 
Times leſs than it. Beſides, comparing the Planets 
with one another, we find that Jupiter is bigger than 
all the reſt of the Planets put together; and that 
he is above 3000 Times bigger than the Earth; but 
Venus is of the ſame Bigneſs with the Zarth. And 
yet there are two of the ſix Planets, vis. Mercury 
and Mars, leſs than the Earth, - | 
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LECTURE XXVII. i 


Of the Stations of the Planets. 


F the Earth were at Reſt, and the 4ninferior 

8 Planets alone turned round the Sun, Planet i, 

0 an inferior Planet would ſeem to be nor ftatio- 

SL ſtationary in that Point of its Orbit, . au 
FRE where a Line drawn from the Earth i, een in 
| touched the Orbit; for when the © 772% | 

Planet is near that Point, if the Earth ſtood ſtill, it —_—— 

would directly approach the Earth, and would have {> — 

no viſible Motion, or at leaſt, its viſible Motion 

would be the leaſt of all. In like manner, if a ſu- 

perior Planet were at reſt, when it is viewed from 

the Earth, it would appear to ſtand in that Part of 

its Orbit, where a Line drawy from the Planet 

touches the Earth's Orbit. But becauſe both the 

Earth and Planets move round the Sun, when an 5 

inferior Planet, is in the fore- mentioned Tangent, 

then the MStion of the Earth, will make the Planet 

appear to change its Place, and the Planet will not 

be come to its apparent Station. And, upon the 

fame Account, when the Kartb is in the Line which 

touches its Orbit, and pafles to a Planet, the pro- : 

per Motion of the ſuperior Planet, will change its Nor 1 © 

viſible Place. And therefore it happens, that nei-Vberier 
ther an inferior Planet ſeems to reſt, when it and C 

the Earth are in a Line which touches its Orbit * rhes 

nor is a ſuperior Planet ſtationary, when the Earth 7 ;,,ouh. 

and it, are in a Line touching the Orbit of the ing the 
Earth. Earth's 


Bur Orbit. 
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Lecture Bur fince all the Planets do ſometimes appear 
XXVII. to move forward, and afterwards to return back- 
Loy wards; between the progreſſive Motion and the re- 
When a greſſive, there will be ſome Point, where it will ap- 
Planet ap: year to ſtand and continue in the ſame Situation 
pears fla in the Heavens. Now it ſeems to keep the ſame 
Hrona'y- Station in the Heavens, when the Line that joins 
the Earth and Planet's Center is conſtantly directed 
to the ſame Point in the Heavens; that is, when 
it keeps parallel to itſelf : For all right Lines, drawn 
from whatever Point of the Earth's Orbit, parallel 
to one another, do all point to the ſame Star ; be- 


cauſe the Diſtance of theſe Lines is not ſenſible in 


Compariſon of the great Diſtance of the fixed 


Stars. 


THEREFORE, to find out: the Points of Sta- 
tion, we muſt inquire the Poſition of the Line, 
which, joining the Earth and' Planet, keeps paral- 
lel, to itſelf: For which Purpoſe we muſt- obſerve, 
that if the Centers of the Sun, Earth and Planet 
be joined by right Lines, they will form a Triangle, 
whoſe: two Sides, drawn from the Sun, are always 
equal to the Diſtances of the Earth and Planet 
from the Sun; and the Baſe is a right Line joining 
the Earth and Planet: And becauſe the Sides of 
this Triangle, in circular concentrick Orbits, do 
keep always the ſame Magnitude, the Proportion 

'- of the Sines of the Angles at the Baſe, will be con- 


Sandy ali fame: For the Sines are as the oppoſite 


es. | 
Table LET the Circle BDG, be the Orbit of the 
XXV. Planet, and AHK, the Orbit of the Earth concen- 
Fig. 1. trical to it, And let us ſuppoſe the Earth in A, 
| the Planet in B, and the Sun in the Center 8. 
In the dz» i» AS B, the Sines of the Angles A and 
B, at the Baſe, are as the oppoſite Sides 8 B, S A. 
LET us ſuppoſe then, that in a ſmall Particle of 
Time, the Earth is moved through the ſmall Arch 
AC, and the Planet at the ſame Time through 
the Arch of its Orbit B D; their angular Mo- 
tions 


ann 
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tions at the Sun, made in the ſame or equal Times, Lecture 
are reciprocally as their periodical Times; for how XXVII. 
much the greater is the periodical Time, ſo muh 
leſs is the Angle it deſcribes, round the Sun, in any 
given Time. Therefore, the Angle ASC, the an- 
gular Motion of the Earth, is to the Angle BSD, 
the angular Motion of the Planet, as the periodical 
Time of the Planet is to the periodical Time of the 
Earth; that is, the angular Motions in the fame 


Time are in a conſtant Proportion. 


LET the Center of the Earth in C, and of the fler 
Planet in D, be joined by the Line C D, which is Motions 
parallel to the former Line AB: And in that Caſe, are ina gi- 
as we have ſhewed, the Planet will appear ſtati- /n Pro- 
onary. Let SA cut CD in M, and SD, pro- portion re- 
duced, cut AB in E: And becauſe AB and CD c#precat 10 
are parallel, by the 29th of El. I. the Angle %%% peri- 
SMD will be equal to the Angle A; but by the 3 
32d of the firſt EI. the Angle SMD is equal to 
the Angles C and MSC; wherefore the Angle C 
is equal to the Angle A, bating the Angle MSC 
or CS A. Likewiſe, becauſe of the Parallels AB 
and CD, the Angle S DC is equal to the Angle 
SEA, which is equal to the Angles 8 BA and 
BSE; wherefore that Angle is equal to the Sum 
of the two Angles SB A and BSE. Therefore 
the momentaneous Increaſe of the Angle SBA is 
equal to the angular Motion of the Planet at the 
Sun. And before it was ſhewed, that the De- 


crement of the Angle A, was equal to the Angle 


ASC, or to the angular Motion of the Earth; but 
theſe angular Motions are conſtantly in a given Pro- 
portion, which is reciprocal to their periodical Times. 

A PLANET therefore appears ſtationary when the 
momentaneous Change of the Angle at the Earth is 


to the momentaneous Change of the Angle at the 


Planet, as the periodical Time of the Planet is to 
the periodical Time of the Earth. 
LET there be two Arches or Angles, whoſe Table 
Sines are to one another in a conſtant Propor- XXV. 
tion, Fig. 2. 
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Lecture tion. I ſay, that their Co-ſines, or the Sines of the 
XXVII. Complements of theſe Arches, are in a Proportion 
ky —— compounded of the direct Proportion of the Sines of 


his ap- 
plied to 
Planets 


theſe Arches, and a reciprocal Proportion of the mo- 
mentaneous Changes of the Arches or Angles, For 
Example, Suppoſe the two Arches AM and CM, 
whoſe Sines are AB and CD, and their Co-fines 
SB, SD. Let the Arches AM and C M decreaſe 
into EM and GM; fo that the Sines EK, GL, 
may be proportional to the former AB and CD. Let 
AE and CG be the Decrements of the Arches, 
which being infinitely ſmall, may be taken for Right 
Lines. Draw F E and GH, parallel to S M; the 
Triangles A F E and A8 B are equiangular: For 
the 17 B, and AF E are both right, and the 
Angle E AF is equal to the Angle AS B, the An- 
gle S AB being the Complement of both to a Right 
Angle. After the ſame Way it may be proved, that 
the Triangles CHG and CSD are equiangular. 
Therefore CG:CH::CS:SD; and AF: 
AE::SB:ASorCS: Wherefore multiplying 
the Antecedents together, and the Conſequents to- 
gether, we have the Proportion CGxAF:CH 
* AE::CSxSB:SDxASorCSxSD:: 
that is, S Bis to 8 D in a Proportion compounded 
of AF to CH and of CG to AE. But the Ratio 
of AF to CH, is the ſame with the Ratio of the 
Sines AB and CD; and the Ratioof CG to AE 
is the Ratio of the momentary Necrements of the 
Arches CM and AM. Therefore S B, the Co- 
fine of the Arch AM, is to S D, the Co-fine of 
the Arch CM, in a Proportion, compounded of the 
direct Proportion of the Sines of theſe Arches, and a 
reciprocal Proportion of the inſtantaneous Decre- 
ments of the Arches, that is of CG to AE. 
HENCE, if the Centers of the Sun, of the Earth, 
and of a Planet that is ſtationary, be joined with 
Lines, the Co- ſine of the Angle at the Earth, will 


ohen fla- be to the Co-fine of the Angle at the Planet, in a 


[tgnary. 


Proportion compoſed of the Sines of the ages 
Aa 
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nr 


e XX myo 9 WW 


LECTURES. 


A and B, and a reciprocal Proportion of the mo- Lecture 
mentary Decreaſe of thoſe Angles A and B. But XXVII. 
the Proportion of the Sines is the ſame with tbe 


Proportion of the Diſtances of the Earth and Pla- 
net from the Sun; and the Ratio of the momentary 
Decreaſe of the Angles A and B is the Proportion of 
the periodical Times of the Planet and the Earth, 
as has been proved. Let the periodical Times be 
called t and I; and then the Co- ſine of the Angle 
A will be to the Co-ſine of the Angle B, when the 
Planet is ſtationary, as T xSBistozxSA; that 
is, the Co- ſine of the Angle at the Earth is to 
the Co- ſine of the Angle at the Planet, in a Propor- 
tion, compounded of the periodical Times directly, 
and a reciprocal Proportion of the Diſtances from the 
Sun. Hence the Points of Stations are eaſily deter- 
mined by the following Conſtruction. 


LeT AH be a Portion of the Orbit of the Table 
Earth, GBK a Portion of the Planet's Orbit, XXV. 
and let the Sun S be in the Center of both Or- Fig. 3. 
bits. Cut SA in E, ſo that SA may be to SE, Conſtruc- 
as the periodical Time of the Earth is to the perio- en de de- 
dical Time of the Planet. Upon the Diameter A E, ehe 


deſcribe a Semicircle cutting the Orb of the Planet 4 
in B, the Angle SAB will be the Elongation of 
the Planet from the Sun when it appears ffationary. 
Draw the Lines ABF, EB, and SF, parallel to 
EB, and the Angle ABE in a Semicircle, is a 
Right Angle: And therefore, A FS parallel to it, 
muſt be right likewiſe, Moreover, AS: A F:: 
Rad.: Co-ſine of A; and alſo, BF:SB:: Co- 
fine SBF : Rad. Therefore multiplying the An- 
tecedents together, and the Conſequents together, 
we ſhall have AS Xx BF to AF x SB, as the Co- 
ſine of 8B F is to the Co- ſine of the Angle A. 
Therefore, the Ratio of the Co- ſine of the Angle A, to 
the Co- ſine of the Angle S B F, is compounded of the 


Katie of AF to BF, and of 8 B to AS. But the Ratio 


of AF to BF is equal to the Ratio of AS to S E, 
or of T to t. Therefore, the Ratio of the Co- ſine of 
the 
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Lecture the Angle A, to the Co-ſine of the Angle S BF, 
XXVII. is compounded of the Ratio of T tot, and of 8 
2 to SA, But it was ſhewed, that when the Co- ſines 
of the Angles had this Proportion, then the Planet 
ſhould be ſtationary, Therefore it is evident, that 
when the Planet is in B, and the Earth at A, the 
Planet will appear to be ſtationary, 
Wis a HENCE we fee, that when an inferior Planet is 
Planct is ſeen from the Earth to be ſtationary, the Earth, 
feen from alſo, viewed from the inferior, will likewiſe appear 
the Earth to be ſtationary, and will ſeem to remain in the ſame 
to be flati- Place, For the Earth is ſeen ſtationary, when the 
onary, the Line that joins the Centers of the Planet and the 
Earth ſeen Parth keeps parallel to itſelf; and ſo long as this 


= Go Line keeps a Paralleliſm, it will always be directed 


alt as- - the ſame Point in the Heavens. - 
Sear Ae. By the ſame Method, we find the Poſitions of 
onary. the other ſuperior Planets, in reſpect of the Earth 
and Fun, when they are to be obſerved by us to be 
ſtationary, viz. by inquiring where the Farth, con- 
ſidered as an inferior Planet, will appear ſtationary, 
ſeen from a ſuperior Planet. 

Ir the periodical Times were proportional to 
the Diſtances from the Sun, the Points E and B 
would coincide with G, and the Planet would be 
ſtationary, when the Angle A was nothing ; that is, 
when the inferior Planet was in Conjunction with 
the Sun: But if SE bore a greater Proportion to 
SA than SG did to SA, the Circle ABE could 
cut the Planet's Orb in no Point at all; and the 
Planet could no where be ſtationary, but would ap- 
pear conſtantly to move directly forward: But nei- 
ther of theſe Caſes obtain Place in the Planets ; for 
SE is always leſs than SG or SB, which I thus 
demonſtrate. 

CALL the Diſtance of the Earth from the 
Sun p, the Diſtance of the Planet 8 G or SB 
call 3, the periodical Times T and t. And, by 
the univerſal Law above explained and obſerved 
in all the Planets, we haye, T* ; *:: : fo 

an 
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and T: 7 1 E e but as 181 


is to t, ſo is 8 A: S E:: p: SE. Say there- 
is to t, 7 1 .. 


fore, as 9 * %; which is 


þ* 
therefore equal to 8 E: And becauſe p is 
greater than g; therefore, q x p is greater than 
1 I 


gx q*;z and dividing all by p', we have g great- 
er than 2 or than SE, And therefore, ſince 


* 5 
8 B or SG is greater than SE, the Circle upon the 
Diameter A E, will cut the Orbit of the Planet: 
And therefore we on the Earth, in ſome certain 
Poſitions, may ſee each of the Planets ſtationary. 
Ir you deſire to uſe a Calculation, the An- 7, $12 ths 
gle at the Earth or the Elongation of the Pla- Srations by 
net from the Sun, is defined in this Manner. Let Calcula- 
the Radius be z, and the Sine of the Angle at tien. 
the Earth gx; the Sine of the Angle at the Pla- 
net, will de þp x, ſuppoſing that p is to q in the 
Proportion of the Earth and Plarkt's Diſtances from 
the Sum: And becauſe the Sine of the Angle at 
the Earth is q x, its Co-fine is & . x*; and the 
Co-ſine of the Ang. at the Planet will be z*—* x= 
And therefore T - : A— x* 2 10 
t Rp: And ſquaring the Terms of the Analogy 
* :e: : „: „ : 


but TI: *:: : 9 ; Wherefore, inſtead of T= 


and ti, put p3 and 9, which are proportional to 
them, and we ſhall have 2 — % * - ‚ Ü 22 
P : N:: p: 9: And therefore we have 
the Equation g z* n xt, and 
HAM and æ X - 


D | 


A 
an 


— 
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Lecture and g x, the Sine of the Angle at the Earth, = 


XXVII. — 
7 2 x 6k — 7 


which is equal to —= 


a —— 
25 —9 Vet +24 +04 


therefore the Square of the Co-fine of this Angle 


js 2 2 2 N Þ=*þ 9 
> of > = 3 and 
Ws p+24+7 OF +24 +90 
„. 
IFAT 
Co- ſine is therefore to the Sine, as z N 
Vp 


therefore the Co- ſine is z x 


2 


to — = as Apt is to 5. But, as 
PF re : q 


the Co- ſine is to the Sine, ſo is the Radius to the 


Tangent; therefore ſay, as AH pq is to g, fo 


⁊ is to = „which is the Tangent of the An- 


VF +?! 

ple at the Earth: And by this Analogy the Angle 

is eaſily found, For if half the Sum of the Lo- 
garithms of p and p + q be ſubtracted from the 
Logarithm of , there will remain the logarith- 

mick Tangent of the Angle at the Eartb. From 

this Value of the Tangent we have the follow- 
ing geometrical Conſtruction, which determines 
Table the Angle. Let HA Q be a Portion of the 
XXV. Farth's Orbit, G BD the Orbit of the inferior 
Fig. 4. Planet, and the Sun in 8 the common Center of 
Another the Orbits. Produce A 8, *till it meets with 


2 4 the inferior Orbit in D; upon the Diameter A D, 
8 deſcribe the Semicircle A C D, and at 8, ere& 
Pr:b/er., upon A D the Perpendicular 8 C, cutting the 
Semicircle in C; join AC, in which take A F 

= SD; and from F upon AS, let fall the Per- 
pendicular F E; in SC take 8 L= AE, and 

draw AL: Then SAL will be the Angle requi- 

red; and B, where AL cuts the inferior Orbit; 

will be the Point of the Station: For the _— 

0 


The 
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of 8 C is equal to the Rectangle ASD = p 4%, Lecture 
and AC ſquafe= AS 1 e ſi ere XXVII. 4 
＋ ! Be AC: AF : S: AB: — 
SL: 2 hs: Radius: Tangent of the Angle 141. | 


thit is NN 1 te - == which i there- 


fore the Taogent of the ie es, 

THESE Ciculations and onſtructions would ſuf- 75. above 
ficiently determine the Points of Station, if the Pla- Calcula- 
nets Orbits were concentrical Circles: But ſince they rior and 
are, eccentriek and Ellipſes, both the Angles at the Con/truc- 
Sun and Planet will be different and changeable, ac- tion agrees 
cording, to the different Places of the Planets in their ** on 
Orbits, at the Points of Station; And therefore be- - gag p 
cauſe in this Caſe, according to the infinite Varieties Elli mg 
of Poſition of the Earth and Planets in their Orbits, — 
there will be 1 11 an- infinite Variety of Angles, 
they cannot be y ay Hoe! gebraica Equation 3 
neither can the Problem be univer conſtructed by 
any algebraical Curve of any Kind! although * 
Mathematicians have undertaken to do it. Yet, if 
we have the Poſition of a Planet in its proper Or- 
bit, we may find the Poſition of the Earth in its Or- 
bit, from W the Planet * that Point will ap- 
pear ſtationary. 

Fox this is a determined PTR and admits of 
two Anſwers, for the two Roots of the Equatign 
that involves the Nature of the Problem. The moſt 
induſtrious Dr. Halley, hath communicated to me 
the following Solution of this Prablem; for the un- 
derſtanding of which, we give the following Lemma. 

WHATEVER the Form of the Earth Planets 


Ocbits may be, if from their Places in the Times of 


Station there be drawn Tangen nts to. the Orbits, and 
produced till they meet, the Portions of thoſe Tan- 


gents, intercepted by their mutual Concourſe, are 
proportional to the abſolute Velocities of the Earth 
and Planets. 
Ler FG and AH be two Portions of the Or- 
Py which the Earth ang Planet deſcribe; AB = 
a > 
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Gao raw the Lines CE and AE 33 Orbits, 


Table 
XXV. 


Fig. 5. 


Tab'e 
XXV.< 
Fig. 6. 


and meeting in E. And becauſe the Planet is ſta- 
tionary, BD and A will be parallel: And there- 
fore by the 2d Prep. El, VI. CD: AB:: CE: AE. 
But CD and AB, fince they are Portions of the 
Orbits deſcribed in the ſame Time, are as the Velo- 
cities of the Earth and Planet: Therefore the Tan- 
gents CE and AE are as the Velocities, ' This 

corem is Mr. John Bernoulli's, and is publiſhed in 
the Berline Acts, and flows immediately from the 
Paralleliſm of the Lines AC, BD: But Mr. Ber- 
noulli has not given us from thence any Solution of 
the Problem, Dr. Halley's Solution is this.” © 


I 


» 


of its Orbit, bud appear flationary. 


4 


QUPPOSE 'the Sun at S, nKLA the .Otbit of 


O the Earth, which we may here ſuppoſe to be cir- 
cular, æ Pa the Orbit of the Planet, P its given 
Place. Draw VPQ, touching the Orbit in P, and 
interſecting the Orbit of the Earth in V and Q; bi- 
ſet VQ in R, and on it ere& the Perpendicular 


- PB, which may be to VR, or RQ, as the Velo- 


city of the Planet is to the Velocity of the Earth: 
At the Center R, upon the Diameter V Q, de- 
icribe the Semicircle V þdQ, to which draw the 
Tangents Bb, Bd, and produce them till they meet 
with V Q produced in Z and T; draw Rb, Rd; 
take = K equal i 2, and TL equal to dT. Then 
I ſay the Points K and L are what are to be found. 
For, becauſe of the equiangular Triangles R Y 2 

5 25 


„ 2 
8 


s' e 2 8 8. 
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BPz, ZP:PB::ZK:Rbor RV, and by alters Lecture 
nation of Proportion, ZP:ZK::PB:RV; but XXVII. 


by Conſtruction, PB is to RV, as the Velocity of 
the Planet is to the Velocity of the Earth; and 2% 


touches the Semicircle in 5; wherefore its Square is 


equal to the Rectangle VZQ,, by Prop. 36 Elem, III. 


And 2 K is equal to 2 5; therefore Z K will touch 


the Orbit of the Earth in the Point K, by 37 Prop. 
Elem. III; therefore the Tangents of both Orbits 
2 P and EK are as the Velocities, and therefore 
a Planet in P will appear ſtationary when the Earth 
is in K. In the ſame Manner it may be ſhewed, 
that the right Lines PT and LT are, as the Ve- 
locities, and that LT touches the Orbit of the Earth 
in L. Laſtly, the Lines SK SL being drawn will 
ſhew the Places of the Earth ſeen from the Sun, and 
the Angles ESP LSP are the Commutations. 
And if the Line S A be the Line of the Ap/ides of 
the Earth's Orbit, ESA and LS A, will be the 
Angles of the true Anomaly; and conſequently, if 
any Error be committed in ſuppoſing the Earth's 
Velocity, it can be moſt accurately corrected by 
having the true Anomaly. 

IT is a Problem of a very different Kind to define 
the Time when a Planet is to be ſtationary, and its 
Solution cannot be had from common Geometry ; yet 
the aforeſaid Dr. Halley, by an indire& Method, and 
an Approximation has ſhewed how to find it, It is 
as follows, 


WHEN the Time of a Station is to be accurately 
| determined. 


HavinG by the former Conſtruction, or a rude 
Calculation, or even from an Ephemeris, found out 
the Day of the Station, find out by the moſt per- 
fe . Tables, for the Meridian of that 


Day, the Place of the Sun; as alſo the Planets he- 


liccentrick and geacentricꝭ Places, and the Logarithms 
of their Diſtances from the Sun; and to reduce 
their Motions to the ſame Plane, curtate the Di- 

| Aa2 ſtance 


— 
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ſtance of the Planet, and we have the Triangle 8 T P, 


from the Principles of A/frotomy, where S repreſents 


tte Sun, T the Earth, and P the Planet. Draw TQ 


Table 
XXV. 
Fig. 8. 


See the 
Theory. 
Lecture 
XXIII. 


2 ® 


a Tangent to the Earth's Orbit, and P Q a Tangent 
to the Planer's Orbit, which meet in Q. Now, if the 
real Velocities of the Planet and Earth areas PQ 
and TQ, or as the Sines of the Angles PT Q and 
TPQ, it is plain that the Planet is then in the Situa- 
tion required; that is, it will be there ſtationary. 
HavinG now the Diſtances 8 T, SP, we have 
the Ratio of their real Velocities, or of T and Pp. 
For the real mean Velocities of different Planets, 
that is, thoſe Velocities with which at Diſtances 
equal to half the tranſverſe Axes of the Orbits, they 
would deſcribe Circles, are in a reciprocal ſubdu- 
plicate Proportion of the Axes And“ the mean 
N of any Planet is to its Velocity in any other 
Point Por T, in a ſubduplicate Proportion of its 
Diſtance from the Sun, to its Diſtance from the 
other Focus of the Ellipſe, which call reſpectively 
PF and TF: and putting R for half the tranverfe 
Axe of the fuperior Ellipſe, and r for half the tranſ- 
verſe Axe of the inferior, and then compounding the 
Ratios, the Velocity of the inferior Planet will be to 
that of the ſuperior, or Tt to Pp as V RxSoPxlLt 
is to VrxSTxXPtE; and therefore we muſt have 
ready the Logarithm of this Ratio, reduced to the 
Plane of the Ecliptick. | 
FRou the ſame Diſtances we have likewiſe the 
Angles ST Q and SPQ; for the Radius is to 
the Sine of the Angle STQ, a STN ITF 
is to half the conjugate Axis of the Orbit; and 
likewiſe the Radius is to the Sine of SPQ, as 
WV SPxPPF to half the conjugate Axis of the Pla- 
net's Orbit; or, which is more readily perform'd, 
ſay, as the Diſtance of the Planet, in its Apbelion, 
is to its Diſtance, in the Peribelion, fo is the Tangent 
of half the Angle, by which it is diſtant from the 
Perihtlion, to the Tangent of an Angle; which being 
ſubtracted 


3 


"© 


C 


ted 
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ſubtracted from the foreſaid half, leaves the Com- Lecture 
plement of the Angle SPQ to a Right, or its Ex- XXVII. 
ceſs above a Right, as it happens that this Angle is 


acute or obtuſe, Reduce this Angle, if it is need- 
ful, to the Plane of the Ecliptick; and theſe Things 
—_ done, ſubtract the Angle ST Q from the 
Angle 8 T P, and to the Angle SP Q add the Angle 
SPT, and we ſhall have the Angles Q TP and 
QPT; and if the Sines of theſe Angles have the 
ſame Proportion that the real Velocities have in the 
Points T and P, the Eſtimation is right: But if 
not, take the Difference of the Logarithms of each, 
or the Error of the firſt Poſition, And if the Ra- 
tio of the Velocities be leſs than the Ratio of the 
Sines, we muſt diminiſh the Angle TSP, by adding 
or ſubtracting a known mean Angle, ſuch as will 
agree to one Day's Motion; and the contrary is to 
be done, if the Ratio of the Velacities be greater. 
And by a Calculation, juſt like the former, ſeek the 
Logarithms of the aforeſaid Ratios for the Noon of 
the preceeding or following Day, as the Caſe re- 
2 * Then compare the Differences of the fore- 


aid Logarithms, or the Error of the firſt Poſition 


with the Error of the ſecond ; and the Sum of the 
Errors, if they be of ſeveral Kinds, or their Dif- 
ference if they be of the ſame Sort, will be to 24 
Hours, as either of the Errors to the Time between 
the Point of Station, and the Noon on which the 
aſſumed Error was found, This is plain to thoſe 
who underſtand the Rule of Falſe. 

In this Manner the Stations of the Planets may 
be obtained within a few Minutes. But to take 
away the ſmall Errors which may ariſe, by Reaſon 
the Logarithms do not uniformly increaſe as the 
Time, if any one pleaſes, he may renew the Cal- 
culation, for the Time juſt found out, and which is 
very near the Truth, and ſo bring out the true Time 
to a Minute; but there is no need of this Correction 
but in Mercury or Mars. 


Aa 3 For 


Lecture 


* 


ASTRONOMICAL 


For to make this plainer, we will add an Ex- 
XXVII. ample of the Station of Jupiter, which lately hap- 
S pened on November the gth 1717. 


November qth at Noon. Nov. ioat N. 
„ | Wen 
The mean Anom. of Y 9 10 00 ©0019 10 5 oo 
Mean Motion of © 7 00 7 O7 1 6 8 
* from the he © 25 11 002 25 15 53 
LO gon from the 9 6 28 53 1716 29 54 00 
Ton. 752 of x from 5,7 20650 45, 720680 
Log. Diſt. of Of 
Sn 4426 |4,994186 
Y. Geocentrick Place 3 5 4 28][3 5 4 27 
The Angle STP 113 48 49] 114 49 33 
The Angle SPT 9 53 28 9 34 
The Angle ST Q_ 89 23 54] 89 23 54 
The Angle SP 92 41 20] 92 41 14 
The Angle PT 24 25 42| 25 25 3 
The Angle TP. 102 34 48] 102 29 4 
a K of} o, 368210 o, 368321 
Log. of the Ratio of } | 
TE ge de Nail of 0,372912| o, 386757 
The Error of the iſt Poſit. o, o 4702] 0,011 564 
The Error of the 2d Poſit. o, or 1564 


AND becauſe one of theſe Errors does exceed the 
Truth, and the other is deficient from it, ſay, as 
16266, the Sum of the Errors, is to 4702, ſo is 24 
Hours to 6 Hours 56 Minutes. Hence we conclude 


the Time of the Station of Jupiter to have been 


November the 9th, fix Hours and 56 Minutes after 


* Noon, 
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Parts. 


az HE Parts of Time are known to all 
& Men, being Days, Hours, Weeks, 


of the Sun from Eaſt to Weſt, and 
ee 1s that Space of Time that flows while 
the Sun goes from any Meridian, or horary Circle, 
till it arrives to the ſame again, It is called natural, 
to diſtinguiſh, it from that Signification of the 
Word Day, which is oppoſed to Night, and. which 
is called the artificial Day. 


Of the | Diviſion of TIME, and its 


Months, and Years. A natural Day 4 ua} 
is determined by the apparent Motion Day. 


ALL nations do not begin their Day alike. The The . 
Babylnians counted the Beginning of their Day from ferent Be- 
the Sun-riſing. The Jett formerly, and the Athe- ginnings of 


nians, from Sun-ſetting, which the 7talians, Auſtrians, 1% 


and | Bohemians, do at this Time; fo that when the 
Sun comes to the Weſtern Horizon, they count the 
twenty-fourth Hour; and the Hour after the Sun 
is ſet, they call the firſt Hour. 

Tur who begin their Day at Sun- riſing have 
this Advantage, that their Hours tell them how much 
Time 1s already gone fince Sun-riling ; and they who 
reckon their Hours from Sun-ſetting have this Uſe 
of it, that they know how long it is to Sun-ſetting, 
that they may proportion their Journies, and Labours 

| a4 for 


Day. 


— 


. 
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LeAture. for that Time. But both of them have this Incon- 


XXVIII. venience, that they cannot immediately tell by their 
wad Hours the Times of Mid-day or Mid- night, but they 


muſt compute by the Length of the Day- time, or 


the Seaſbn of the Year; for in different Seaſons the 
Ie of Mid-day is reckoned by different Hours 


Heurs e- 
gual and 
: wnegual, 


g ® 


Europe, 


"The Egyptians antiently began their Day at Mid- 
night, from whom Hipparchus, that antient and fa- 
mous Aſtronomer, brought that Way of reckoning 
into my. And ernicm, und ſome other 
Aflronomers, have followed him therein. But the 

uch greater Part of the 4/?ronemers have thought it 

tter to begin their Day from Noon. Yet the Me- 
thod of Beginning from Mid- night is received in 
Britain, France, Hai, and moſt of the Nations in 


THERE are two Sorts of Hours, equal and un- 
equal, An equal Hour is the twenty-fourth Part of 
the natural 7 a au Ar Hours 7 
ceived by the Vulgar into ha {Juarters, an 
Half Quarters, we now generally follow The Aft 
mical Diviſion, and reckon every Hour 60 Minutes, 


in every Minute 60 Seconds, and in every Second 
50 Thirds, Ce. | 


AN unequal Hour is the twelfth Part of the ar- 
tificial Day, or the twelfth Part of the Night; and 
it is called the temporary Hour, becauſe at different 
Seaſons of the Year it is of a different Length. For 


a diurnal Hour in the Summer is longer than one in 


the Winter; a Night Hour is ſhorter, _ But in the 
equinoctial Day, the Hours in the Day and Night 
are equal to each other, and therefore the equal Hours 
are called Eguinactial. The Fews and Romans for- 
merly uſed theſe Hours, and the Turks reckon by them 
at this Day, and their Noon always falls upon the 
ſixth Hour of the Day, Theſe Hours are alſo cal- 
led planetary Hours, becauſe in every Hour they ſup- 
75 one of the ſeven Planets to preſide over the 
World, and they took it by Turns; ſo that the 
firſt Hour after Sun-rifing fell on Sunday to the 


4 Sun, 


R and Leflura . 


Wo, 


the Space of a Year jt runs over twelve Times. 
There is another Month nearly equal to it, which is 


of Time in which the Sun movgs through one Sign, 
properly  4/tronemical, A Civil Month is different 


| inances of the A e 2 Republick in which 


the reſt in order to the An, Saturn, Jupiter, and XXV 
Mars. this Means, on the firſt _ of the woynns 
next Day the Aan preſided, and on that Accout | 
ve the Name to that Day; and the Days of the 
eek by this Method "— had their Names from 
the Par that governed the firſt Hour, till the End 
of the Week, 

A Week is a Syſtem of ſeven Dems, in which each 4 Fe. 


Day is diſtingui by a different Name. The 
Chritian Church called the firſt Day of the Week 


the Lord's Day, the Vulgar term it Sunday, and none 
— the Fanaticis of our Time ever called it Sabbath- 

The reſt of the Days of the Week were called 
Fei, Ada the ſecond Feria, Tueſday the third 
Feria, Ac. and Saturday they alſo called the Sabbath- 


day. But the common People uſe the ſame Names 
that were given by the 2 each Day being de- 
nominated from 2 


„ r Space of Time the Man 4 Month, 
takes to perform its 8 the Zadiact, which in 


meaſured by the Motion of the fam, and is that Space 
or twelfth Part of the Ecliptick : Theſe Months are 


from them, and conſiſts of à certain Number of 
fewer or more according to the Laws and Or- 


they are obſerved. ans made each Month 

R conſiſt of 30 Days and e Lear conſiſting of 5 
Days — 12 Months, they added them to the 
End of the Year, and called them Epogamons. 

1 Year is either Afronamical or Civil; both The Civil 
Kinds of the A/ronamical Years, viz. the Tropical Year of 
and Periadical, we have already defined in our XX114 exo Sorts. 
Lecture. T be. Civil Year is the fame with the Politi- 
cal Year, eſtabliſhed by the Laws of a Country, and 
is of two Kinds, Lunar or Solar, according as it is 

deſigned 
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, Leftre deſigned to be regulated by the Motions of the Moon 
-XXVHI. or 


un. Thete are two Sorts of Lunar Years, the 


Cd one moveable, the other fixed : The moveable Year 


The move- conſiſts of twelve ſynodick Months, or of twelve 


able Lunar Lunations which are completed in 354 Days, and af- 


Tear. 


The fixed 
Lunar 


Months in the 


ter that Time the Year * ain. This Year is 
leſs than the Solar Year, which brings back all the 
Seaſons, by eleven Days, And therefore the Begin- 
nings of ſuch Years move through all the Seaſons, 
and that in the Space of 32 Years: This Form of a 
Year is obſerved by the Turks and Mahometans, 
SINCE twelve Lunations is leſs than a Solar Year 
by eleven Days, three Lunar Years are leſs than three 
Solar Years by 33 Days; and therefore, to keep the 
ame Seaſons and Times of the So- 
lar Year, to the third Year there is a whole Month 


added, and it conſiſts of 13 Months: And this is 


The 8 9. Ar 


Zar. 


done as often as is needful to keep the Beginning 
of the Year always in the ſame Seaſon, And the 


Month added is called an Embolimæan or Intercalary 
Month. In 19 Years there are ſeven ſuch Months, 


and this Kind of Lunar Year is called Fixed, and 
was obſerved by the Greeks, whom the Romans fol- 


| lowed in this Matter till the Times of Julius Cæſar. 


TRE Solar Vear, which is made conformable” to 
the Motion of the Sun, is likewiſe of two Kinds, 
moveable and immoveable. The moveable is called 
the Egyptian Year, becauſe obſerved in that Country : 
And it conſiſts of 365 Days, and is leſs than t 
tropical Year, in which the Sun runs his Courſe in 
the Ecliptick by almoſt ſix Hours. By the neg- 
lecting of theſe * Hours, it happens, that four ſuch 
Years are leſs than four tropical Solar Years by a 
whole Day. And therefore, in four Times 365 
Years, that is, in 1460 Years, the Beginning of the 
Year moves through all the Seaſons of the Year. 

SINCE therefore an Egyptian Year is leſs than a 
true Solar Year, by almoſt ſix Hours; that all the 
Years may go on according to the Sun's Motion, a 
Regard muſt be had to theſe fix Hours, But it is 

py | requiſite 


. 
* 
rng as 2 


v5 vs 
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requiſite alſo that the Political Year have al 
ſame Beginning, and that it commence wi 


Year begin ſometimes at one Hour of the Day, ſome- 


times at another, which would neceſſarily fall out if 
we added to every Year fix Hours. Now theſe 


Hours, amounting in three Years to eighteen Hours, 
if they be added to the ſix Hours of the fourth Year, 
will make a whole Day : Therefore this Day being 
added to the fourth Year, will reduce it again to be 
even with the Motion of the Sun. Julius Ceſar 
maps this, ordered that every fourth Year ſhould 
have an Intercalary Day, which therefore conſiſts of 


366 Days, and the Day added is put in the Month 


of February, And becauſe in the common Year the 


24th of February, in the Raman Way of Reckoning, 
was the ſixth of the Kalends of March, or the fixth 


Day before the Kalends of March, Ceſar ordered 
that for that Year there ſhould be two Sixths, or 
that the Sixth of the Kalends of March ſhould be 


twice reckoned ; upon which Account the Year was 
called Biſſextile, which we name the Leap-Year. 


s the Lecture 
Day; for it would be inconvenient to have the 


This Form of a Year was inſtituted by Julius Ceſar, The Julian 


who was then High-Prieſt among the Romans, and Year. 


was called the Js Year; whoſe Nature is, that 
every fourth Year conſiſts of 366 Days, and the 


other three only of 365. 


Bur it muſt be acknowledged, that the Time 


appointed by Julius Cæſar for the Solar Year is too 


much; for the Sun finiſhes his Courſe in the Eclip- 
tick in 265 Days, 5 Hours and 49 Minutes, and 
therefore he begins again his Round eleven Minutes 
before the Civil Year is ended. So that if the Sun 
in any Year has entered the Equinox upon the 20th 


of March at Noon-day, after 4 Years he will ar- 


rive at the Equinox 44 Minutes before Noon, -and 
the fourth Year after that he will be there 1 Hour 


28 Min. before Noon; and fo every Year 11 Mi- 


nutes ſooner than by this Reckoning, ſo that in 131 


Years he will anticipate or enter the Equinox a whole 


Day 


% 
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V before the 20th ef Aach: And therefore the 
celeſtial Equinox will not always fall upon the ſame 
y.of the Month, but by De 
wards the Beginning of the | 
ſibly, in Compass of Time, that it cannat be doybted. 
ENCE in the Time of the Council of Nice, 


recs it will move to- 


| (obous which Time the Terms were ſettled for ob- 


rving Zafter) the vernal Equinox fell upon the 


twenty-firſt of March; but the Equinox continually 


falling backwards in the Year, in the Year of Cbriſt 


11582, when the Kglendar was corrected, it was found 


that the Sun entered the equinoRial Circle on the 
Iich of March, and was departed ten whole Days 
from itz former Place in the Year: And therefore 


When Gregory, the XIIIth of that Name, Biſhop of 


Rome, deſigned to place the Equinocties in their for- 


mer Situation, in reſpe& of the Year ; he took thoſe 


ten Days out of the Kelendar that Year, and or- 
dered that the eleventh of March ſhould be reckoned 
as the twenty-firſt: And te prevent the Seaſons of 
the Year from going backwards as they did before, 
he ordained that every hundredth Year, which in the 
Julian Form was to be 2 Biſſextile, ſhould be a com- 
mon Year, and conſiſt only of bs Days; but be- 
cauſe that was too much, every four hundredth was 
to remain Bi//extile. This new Form of the Year 
being eſtabliſhed by the Authority of the Biſhop of 
Rome, Gregory XIII is called by be Name the Gre- 


_gorian Year, and is received in France, Spain, Italy, 


Germany, and in all the Countries where the Pope's 
Authority is acknowledged, as likewiſe lately in ſe- 
veral where the reformed Religion is obſeryed. Yet 
in Britain, and other Northern Countries, the Julian 


Form of the Year is ſtill retained, 


THe Perſians obſerye the Egyptian Form of the 


. Years to this Day, whence it js that Equinocties re- 
main not in the ſame Month, but move through 


I 


* 


them all; and after a Period of about 1460 Years, 
the Beginning of their Near falls in with the ſame 
Time of the true Solar Year. This Time or * 
g | 4 


ear; and this ſo ſen- | 
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flod is called the Great Canitular Tear, ot the So. Lecture 

. e beacons k 1 5 N Beginning — the XXVII. 
iy | — 

h ay on (> or the fit y of IE 

Cantet 


that Year, when the Dog-Star riſes heliacally, for 
the Word Sothis in the . Exyptian Language fighitfies 
the Dog, which in Greet is Called #+4ez%wr, that Is, the ear. 
Dog-Star, which, the AArmumers tame Sirius. 
Tear Antient not ** diſtingulthed the Tim 
by Years, but by ſeveral Reyolutions or Collection 
of Years; fuch was the 'Fub#ze of 49 FE Tears; 
an Age conſiſted of an hundred Tears. Hut among 
the Greeks, the Olympiads were eſteemed the moſt fa- 
_— each of them containing the Space of four 
2 a 
As in the Heavens there are certain Points, from 7he Cbri- 
which the Afranomers begin their Computatlons of the ian Era. 
Planets Motions ; ſo alſo there muſt be certain Poin 
or Inſtants of 'Time, from which, as from Roots, a 
Calculations muſt begin: And all memorable Ac- 
tions are diſpoſed and recorded, according to the 
Series of Years which follow from that Root. Theſe 
Roots are called Epachs of # R At, from which we 
generally count our Years and Times. The moſt fa- 
mous, beſt known, and moſt uſed by us, is that 
which is reckoned from the Nativity of our Lord 
Jeſus, which begins at the Kulendt of January, that 
W followed his Birth. 2 £ 
No w, alth6ugh this Epoch is generally received by 
Chriſtians, yet the Mu and Iriſh have an Epoch a 
whole Year poſterior to it, which they commonly 
uſe in all Publick und Eccleſiaſtical Affairs: For 
they do not begin their Year with the firſt of Ja- 
nudry that follows the Nativity, but with the Feaſt 
of the Conception or Incarkation, which is obſer ved 
on the 25th of March; and therefore it is, that the 
Engliſh teckon from the Feaft of Lach- Day 17 18, 
that there are compleated 1717 Years; but from 
the Birth of out Lord, to the Feaſt of the Nativity 
of the Year 1717, they number only 1716 © Years 
elapſed 
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Lecture elapſed ; whereas all the reſt of the Chriſtian World 
XXVII. count 1717 Years. _ | 


e 


* 
ra. 


Ix chis Affair they exactly agree with Diomyſius 
ſurnamed The. leſs, according to whom Chriſt is ſup- 
poſed to have been conceived the 8th of the Kalends 
of April, in the firſt Year of this RA; and was 


born the Winter following, at the End of the 46th 


Year from the Reformation of the Kalendar by 1 - 
lius Ceſar, This Way of computing was at firſt 
univerſally received ; but afterwards, by Degrees and 
tacitly, all Nations receded from it; ſo that it does 
only now take Place in England, and the Dominions 
thereof; and the common Opinion is, that Chriſt 
was born the Winter preceding the Time that Dio- 
nyſius reckoned the Conception to have been; and by 
this means they make Chriſ to have been a Year be- 
fore Dionyſius, the Author of the ra, ſuppoſed he 
was born. | wry 
Bur yet for all this the Engliſh, for the greateſt 
Part of the Year, deſign it by the ſame Number 
that the reſt of the Chriſtian World does: But for 
three Months, viz. from the Kalends of January 
too 8th of the Kalends of April, they write one 
8. | 
THERE is likewiſe the Epocha of the Creation, 
which is much noted, yet about it there are great 
Controverſies among the Chronologi/ts ; ſome affirm- 
ing, that the-World was created 3950 Years before 
the Birth of Chri/t; others again ſay, that at the 
Birth of Chri/t the Age of the World was 3983 
Years. The Greek Church, and the Emperors of 
the Eaſt, uſed an Epocha of the Creation, which 
was much more antient, and makes the World to 
have been created 5509 Years before the Coming 
of Chrift. 5 
AMONG the prophane Authors the antienteſt Epo- 


cha is that of the Olympiads, which begun at the 


Summer of the Year 777, preceding the Birth of 
Chrift, and on the Kalends of Fuly, Tui 
. 2 %s Kat HE 


® 
17 
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THE, Epoch of Rome, or of the Building of the Lecture 
City, is not long after the Olympiads, and there are XXVILL. 
two of them, the Varronian and Capitolian ; accord- - 
ing to the firſt, the City was built the Year before 
Chrift 753; according to the other, it was in the 
Year 75%, 
TRE Era of Nabmaſſer has always been famous 
among the Aftronomers, and begun on the 6th of Fe- 
bruary of the Julian Year carried backward, and 
before Chri/t 747. And becauſe that Day was then 
the firſt of the Egyptian Year, Ptolemy, and after 
him Copernicus, computed the Motion of the Stars, 
according to that Era, by Egyptian Years; for the 
Egyptian Year is very convenient for A/tronomical 
5 it being interrupted by no intercalary 
r B01 Aan. 
— this, we have another Epocha of the Death 
of Alarander the Great, the three hundred and 
twenty fourth Year before Chriſt, on the 12th of 
November, which was then the firſt Day of the 
Egyptian Year, | Theon, Albategnius, and ſome others, 
have computed from thence according to the Zgyp- 
tian Year, Between the two Aras of Nabonaſſer, 
and of the Death of Alexander, there are preciſely 
424 Egyptian Years, The A4b;ſſmes retkon by another 
Ara, which is called the Era of the Martyrs or of 
Diocleſian. The Turks and Arabians reckon by an MW. 
Ara, which they call the Hegira, which takes its 
Beginning from the Flight of Mabomet. The Per- 
ſians have likewiſe an Epoch, which they call Jeſde- 
gird ; all which are explained by the Chrenelogi/ts. But 
the Julian Period ſeems to be the moſt uſeful and 
convenient of all, it including almoſt all other Aras 
within it, and it is a Period of 7980 Years; which 
Number is compoſed by the Multiplication of the 
three Numbers, 15, 19, and 28. The firſt is the 
Cycle of the Indictian, the ſecond is the Metonicł 
Cycle of the Moon, and the third is the Cycle of the 
Sun, And the firſt Year of this Period was that 
wherein all theſe three Cycles began together, 1 — 
2 te 


ASTRONOMICAL 


here add a Table, which gives the firſt Year of the 


irth of Chr; . 


#13 


The Cieation of the World accord- } | 


ing to the Greet Emperors, 
The Common ra of the Creation, 


The Beginning of the Olymprads, 
The Buildin 
to Varro, 
The. Building of Raume, according 
to the Regiſters of the ee 
The Ara of Nubonaſſur, 


The Death of N the Great, 


88 Chriſtian Epoch, 
The Duclefian Ara, _ 
The Hegira of. the Turks, 


g of Rane, ey , 
hy 


The Jiu of = Perſians, 


a | LECTURE 


Tears 


before 


XXV1! I. ſeyeral Arat, and reduces them to the Yeats of the 
2 Period, and to the Years before or after the 
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LECTURE XXIX. 
Of the Kalendars. Of Cycles and Periods. 


13 HE Kalendar is a Table, in which are 
ſet down all the Days of the Year in a 


regular Diſpoſition, according to their 
Months, with a Diſtribution of them 
into Weeks. The Vigils, Holy-days 


and Law-days, together with the Uni- 


verſity Terms, are likewiſe annexed. The Diſtri- 
bution of Days into Weeks is made by the ſeven firſt 


Letters of the Alphabet, ABCDEFG. B gin- 


ning at the firſt of January, to which is placed the 
Letter A; to the ſecond of January B is joined; to 
the third C, and ſo on to the ſeventh, where G is 
figured : And then again beginning with A, which 
is placed at the eighth Day, B will be at the ninth, 


C at the tenth; and fo yn og" repeating the 


Series of theſe ſeven Letters, each Day of the Year 
has one of thoſe Letters in the Kalendar, By this 
Means the laſt of December has the Letter A joined 
to it. For if the 365 Days which, are in a Year be 
divided by ſeven, we ſhall have 52 Weeks and one 
Day over. If there had been no Day over, all the 
Years would n on the ſame Day of 
the Week, and each Day of a Month would con- 
ſtantly have fallen upon the ſame Day of the Week. 
But now, becauſe, beſides the 52 Weeks in the Year, 
there is one Day more, from thence it happens, that 
on whatever Day of the Week the Year begins, it 
ends upon the ſame Day, and the next Year begins 
with the following Day. \s or Example, in Fm 

ear 


» © 
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Lecture Year of 365 Days if the Year begin on a Sunday, 


XXIX. it will end on a Sunday, and the firſt Day of the next 
ear will be Monday. 


Tus Letters being ranked in this Order, that 
Letter which anſwers to the firſt Sunday of January, 
in a eommon Year, will ſhew all the Sunday. tough. 
out the Year; and to whatever Days in the reſt of 
the Months that Letter is put, theſe Days are all 
Sundays; and therefore that Better is called the Do- 
minical or Sunday Letter of that Year. So alſo what- 
ever Letter is joined to the firſt Aanday in Tanuaty, 
the ſame, as often as it is repeated in the Kalendar, 
ſhews the Mondays throughout the Year; r 

Ir the firſt Day of January be a Sanday, the laſt 

Day of the Year, as I have faid, will likewiſe be a 
Sunday; and therefore the next Year will begin on 
Monday, and the Sunday will fall on the ſeventh Day, 
to which is annexed the Letter G, which therefore 
will be the Sunday Letter for all that Year: And. 
fince the Year began on Monday, it will alſo end on 
that Day; and the following Year will begin on a 
Tueſday, and the firſt Sunday will fall upon the ſixth 
of Fanuary, to which Day is adjoined: the Letter F, 
which is the Sunday Letter for that Year. And in 
the ſame Manner for the Year next following, the' 
Dominical Letter will be E: By this Means the Sun- 
day Letters will go in a retrograde Order by GFE 
DCBA. In the yearly Kalendars, which we call 
Almanacks, which is an Arabick Word, the Domini- 
cal Letter, to diſtinguiſh it the bettet, is denoted by 
a Capital, and generally printed in Red, and all the 
reſt are of a ſmaller Form. By this Means, at one 
View, we ſhall fee all the Sundays in the Year,. 

Ix all the Years were Egyptian Years of 365 Days, 
after a Period of ſeven Years, the ſame, Days of the 
Month would return to fall on the ſame Days of the 
Week. But we obſerving the Gregorian Year, where 
Every fourth is Br 225 or conſiſts of 366 Days, 
in which, beſides the 52 Weeks, there are two Days 
ever; if that Year Ihould begia with ». 


— 


. will end on a Monday, and the next Year will be- LeQute 


xt gin on Tueſday; and the firſt Sunday of that Year XXIX. 

; ill be on the ſixth of January, to which is an- — 
at nexct! the Letter F, which will be the - Daminical 

7 Lotter for the Year following that Leap - year, whole 
Doninical Letter was KA. | 

of By this Means the Biſſextile Year returning every 

all fourth Year, the Series ot the Dominical Letters, ſuc- 

- cCeeding each other, is interrupted, and does not re- 

t- turn in Order till after four times ſeven, or twenty- 

75 eight Vears. Hence arifeth the Cycle of 28 Years, Th, Cycle 
7, which is called the Cycle of the Sun; which being / che Sun, 


compleated, the Days of the Months return in the 
Tame Order to the ſame Days of the Week, In this 
Cycle all the Biſſextile Years have two Dominical Let- 
ters, the firſt of which takes Place till the 24th or 
25th of February, and the other ſerves: for all the 
eſt 6f the Year; for in the BVxtile Year the 
24th and '25th of February are eſteemed as one and 
the ſame Day, and both of them have the ſame 
'Letter F annexed to them, and by this the Order 
of the Sunday Letter is interrupted, For Example, 
If in the Beginning of the Year the Sunday Letter is 
E, the 24th of February will fall upon a Munday, 
and the 25th on a Tuefday, bath which Days are 
marked with the Letter F; wy therefore the follow- 
ing Letter G, which ſhewed the Tueſdays before, 
will now point out the Wedneſdays; and the next „ 
Sunday will fall upon the ſixth of March, to which, 
in the Kalendar, is annexed. the Letter D, which 
will point out the Sundays for all the reſt of the 

ear, and then becomes the Daminical Letter. 
Tux firſt Year of the Cycle of the Sun isa Biſ- 
ſextile, and the Dominical Letters, anſwerigg to it. 
are D and C. For the ſecond Year the Sunday Let- 
ter is B, for the third A, the fourth G; and again, 
"the fifth Year of the Cycle being Bifextile, hes two 
Dominical Letters Fand E; and ſo in the reſt. The 
following {mall Table ſhews what Dominical Letter 
"belongs to each Year of the Cycle. 
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To find the Year of the Cycle of the Sun & any 
Year of the 2 Era; To the current Year of 
Chriſt add q, becauſe from the Beginning of the 
Cycle, till the firſt Year of Chrift, there were g Years 
paſt: Divide the Sum by 28, the Quotient ſhews 
the Number of Cycles, that have revolved ſince the 
firſt Year before Chriſt, till the current Year; and 
the Remainder, if there be any, is the current Year 
of the Cycle; but if there be no Remainder, then 
28 is the current Year of the ſolar Cycle, £ 

BesIDEs the fixed and fettled Feaſts, which are 
always on certain and determined Days of the Year, 
there are other Feaſts and Holydays which are move- 
able, and in different Years fall upon different Days 
of the Month, and ſometimes in different Months: 
Theſe Holydays are not regulated by the Motion of 
the Sun, but by that of the Moon: Such was the 
Feaſt of the Paſſover, inſtituted by God himſelf, for 
the Fews to obſerve, and is ſucceeded by the Chriſtian 
Eaſter, in Memory of our Saviour's Reſurrection. 
God ordained that the Paſſover ſhould be celebrated 
in the firſt Month, the 14th Day of the Month at 
Even. See Leviticus, Chap. XIII. Now the Jewiſh 
Year was a Lunar Year, and fo ordered by interca- 
lary Months, that the Month, whoſe fourteenth Day, 
or whoſe Full Moon, fell either on the Vernal Equi- 
nox, or next after it, was reckoned the firſt Month 
of the Lear. The Chriſtian Church was willing to 
obſerve the ſame Method in celebrating of Eafter. 
But yet, to diſtinguiſh it from the Few Paſſover, 
would not keep the Feaſt on the 14th Day, but on 


the 


-% 


, 


the Sunday after, becauſe our Lord roſe upon the Sun- Lecture 

day after the Jewiſh Paſſover. 0 # ag XXIX. 
THEREFORE for determining the Time for tg 

Celebration of Eaſter, we muſt define the Time of 

the Equinox, which was believed to be fixed to the 

twenty-firſt of March, and the Fathers thought it 

could never happen on any other Day, and therefore 

they made their Kalender upon that Suppoſition. Then 

they called that the Paſchal or firſt Month, whoſe 

14th Day or Full Moon, fell on the equinoctial 

Day, that is, on the 21ſt of Afarch, or next fol- 

lowed the 21ſt of March. But becauſe the Jewißß 

Months. were Lunar Months, the 14th Day imme- 

diately preceeded the Full Moon ; therefore, for the 

Time of the Obſervation of Eafter, we muſt have a 

Regard to the Motion of the Moon, and the Times 

of New Moons and Full Moons muſt be found, 

The Jews had no other Way of finding the New 

Moon, but by obſerving it; and when the Moon 

firſt appeared to emerge out of the Sun's Rays, or to 

riſe in the Evening heliacally, that Day they called 

the firſt Day of the Moon or Month, The Chriſtian. 

Church computed their Lunations by the Metonict 

Cycle of 19 Fan; and therefore, they inſerted this 

Cycle in their Kalendars, and called its Numbers the 

Primes or Gold- numbers, by which they determined „ 

the Times of the Lunations. . 
Tu Metonick Cycle, called ſo from its Inventor e Cycle 

Melon, is alſo termed the Cycle of the Moon, and is of rhe 

a Period of 19 Years, which when they are com- Moon, or 

pleated, the New Moons and Full Moons return on the Me- 

the ſame Days of the Month; ſo that on whatever tonick 

Days the New and Full Moons fall this Year, 19 Cycle. 

Years hence they will happen on the very ſame Days 

of the Months, as Meton and the Fathers of the Pri- 

mitive Church thought. And therefore at the Time 

of the Council of Nice, when the Way of ſettling 

the Time for obſerving the Feaſt of Eaſler was | 

eſtabliſhed, the Numbers of the Lunar Cycle were e 

inſerted in the Kalendar, which upon the Account of 
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their excellent Uſe were ſet in Galden. Letters, and 
the Vear of the Cycle for any Year was called the 
Golden Number, of that Year, : 
Trax Golden Numbers were placed in the Ka- 
lender according to the following Method; taking 
any Year for the Beginning of the Cycle, which they 
reckoned by the Number 1, and obſerving every 
Month the Days on which the New Moons haps 


None that Year, juſt by thoſe Days they joined the 


umber 1. And becauſe in that Year the New 
Moons happened on the twenty-third of | Fanuar 
the twenty-firſt of February, the twenty-third 97 
March, the twenty-firſt of April, the twenty-firſt 
of Muy, the nineteenth of June, and ſo in the reſt, 
juſt by thoſe Days in the Column of the. Golden 

amber they put the Number. 1. The ſecond Lear 
obſerving the New Mygons, ta the Days, on which 
they happened they inſcribed the Number 2, uz. te 
the twelfth. of Junuaty, the tenth of February, the 
twelfth of March, and tenth of April, and ſo on in 
the reſt of the Months. "Phe ſame Thing was dune 
the third Year, annexing the Number 3 to all the 
Days the Moon changed it that Year; and ſo, on in 
the following Years till the whole Period of 19 Years 


I 
was compleated; But the moſt. accurate iti 


of) the Golden Numbers is by the mean, Lunations, 
as they are ſet down in the Astronomical Tables, for 
every Month and each Year of the Lugar, Cycle; 
and fixing, according to, that Computation, the Cha- 
racter of the Year to each Day on which the Luna- 
tio happens. | AH 

BeCavst a lunar: Aftronemica] Month conſiſts af 
29 Days, 12 Hours, 44 Minutes and 3 Seconds; the 
common People, who cannot, diſtinguiſh the ſmall 


Particles of Time, make the Lunar Months to 


conſiſt of intire Days without Fractions, and on 


Hollow or Cave, that is, 


that Account they alternately put one Month of 
Days; and the next of 29 ws. Theſe wo call 


eficient Months, the 


"oihers Full; the 12 Hours over the 29 Days, requiring 
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in every, L 


Vil make 110 A ok Da ay which is to be added to 


hallow, and Means the Lunations, 
E will . ages with thoſe of the 


mY 


1z \ we < know, th oe of the Lunar Cycle, which 


9 Mi is the Prime, we have the Days 
705 ee Te 1 ie the Year ; fox in 
3 t umber or Prime is ſet 

e happens on; and adding to 
18 25 thy C4 have. the Day of Full Moon. 
HE Ae Pg that the Cycle of 19 


Years did exactly 7. 235 Lunations ; and 
therefore, after the e of that Lime, that 
e New Moons not only fell on the ſame Days of 
e Month, but likewiſe on the ſame Hours of the 
ys, Which. is not true; for in 1 Gregorian Vears 
there are 6939 Days, and ny ours, But if to 
every Lunation, we allow 29 Days, 12 Hours, 44 
Minutes, 3 FRO, which the Motion of the Moon 
requires 5, 236 L unations will make 6939 Days, 16 
Hours, 31 Minutes, and 45 Seconds, Therefore 
235 Lunations are not equal to 39 Gregorian Years, 
$08 are leſs N one Hour and an half. And conſe- 
quently 1. ew Moons, after 19 Years, will not 
n to ame Hour, but will be an Hour and 
a, half. 3 3 in 304 Vears they will anticipate 
a whole Dow And therefore. the Golden Number 
will, preciſely. enough for common Uſe, ſhew the 
nations in, the Space of three Centuries, without 

e Error of ape ay. In the Council of Nice, 
when the ＋ of the Moon was fitted to the Ka- 
e and 7% Centuries afterwards, it did nearly 
enou ive the Time of the New Moons. But 
d Lass ations in every 304 Years anticipating a 
bote Day, they lately. happened almoſt five Days 


ſooner than they. ſhould do, according to > the Rule of 
Bb 4 the 


375, 

this Al ation: Rut becayſe there are 44. Minutes Lecture 

e oft three Quarens: 2 Hour, XIX. 
unation; in 32 Lunations theſe, Minutes — 
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Lecture the Golden Number: And for this reaſon the Ka- 


XXIX. lendar was altered in the Year 1752. But the Com- 


portion by Golden Numbers retained, With proper 
— 


— 


Corrections ; by which the Eccleſiaſtical and Aſtro- 
nomical Full Moons nearly agree, which were very 
different" before theſe Corrections took place; And 
wwe general Fable of Rule for Hnding Foſter for 
ever, which is now in our Liturgy, by the Golden 
Number and Dominical Letter, is made accordin 
to the corrected Diſpoſition of the Golden Number, 
In the firſt Year of the Chriſtian Era, 2 was the 
Golden Number; and therefore, if to the current 
Year of Chrift we add 1, and divide the Sum by 19, 
the Remainder, after the Quotient, will give the 
Golden Number. e 5 he 
Fon the Cycles of the Sun and Moon multiplied 
into one another, ariſes a third Period of 532 Years, 
which is called the Victorian or Dimſſan Period: And 
after the Completion of this Period; not only the New 
and Full Moons return to the ſame Days of the Mont | 
but alſo the Days of the Months return to the fame 
Days of the Week; and therefore the Dominical Letters 
and the moveable Feaſts return again in the ſame 
Order, Hence this Cycle is cal led great Paſchal 
Cycle. e eee e e e 
- "To find the Yezr of the Diony/ian Period for any 
Year of Chrift, to the current Year add the Number 
457, and divide the Sum by 532, the Remainder, 
after the Quotient, is the Year of the Period, 

IT is a Problem of another Kind :* Having the 


| Cyeles of the Sun and Moon, to find the Year of 


the Dionyſian Periad. For Example, ſuppoſe the 


Year of the Cycle of the Moon to be 17, and of 
the Sun 21: To ſolve this Problem, it is re- 
-quired to find a Number, which, when it is di- 
vided by 19, leaves 17, and when it is divided by 
- 28, leaves 21. To find this let it be required to 
find two Numbers, one of which will divide exact- 


ly by 28, without a Remainder, but when it is di- 
vided by 19 leaves 17; and another Number, which 
| | will 
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will divide N without a Remainder by 19, but Lecture 
when it is divided by 28, leaves 21: It is. plain, XXIX. 
that the Sum of theſe two Numbers will anſwer the Conygrnnd 
Queſtion, 


Wx will here ſhew the analytical Inveſtigation 
of theſe two Numbers. We will ſuppoſe the firſt 
Number to be 28 x, for it is a Multiple of 28; 
and becauſe this Number, divided by 19, leaves 
173 if we take 17 from it, the Remainder, di- 
vided by 19, will be a Number; ſince then 19 di- 
vides 28 * — 17, and it alſo divides 19 x, there- 
fore it will divide their Difference, which is 


9 x— 17 z conſequently 2 —7 is a Number, 
Call that Number n, conſequently g9x—17 =19 15 
and g x = 19 n + 17, and x = 22.372 
and becauſe x is an intire Number 9 muſt divide 
19 * + 17, but 9 divides 18 1 +-93 therefore it 
will divide the Remainder » + 8, and therefore 
"+8 is a Number. Let that Number be 1, and 
1 | | | 
n will be = 1, and x = 43 conſequently, 
28 x = 112 = to the firſt Number to be found. 
Suppoſe the ſecond Number to be 19 y; for it 
muſt be a Multiple of 19; therefore LI 
is an integer Number; ſuppoſe it to be n; then 
199 — 21 = 28 1, andy = = 2 3 which 
muſt likewiſe be an intire Number; and therefore 
28 n + 21, will be divided by 19: But 19 divides 
I9n + 19; wherefore it will divide the Remainder 
g n+ 2, and 2 5 2 is an intire Number; ſuppoſe 


* 
: 


[Sh 


ik = pj theninga +2 = 199, ands = 222 
| therefore 


— 


AST G NOMFCAL 


Le theteſwre; 3 muſt divide 19 5-23 but it divides, 


18 þ4 therefore, it muſk, Alo divide p—2, . 


is an Integer or 0: Let it he equal to o, then i 42 2 
1 24 = 4'ang T9 y.= = 28 n + 21 5 


ny thaekas ane; of, the» Numbers is 112, and the 

by er 81K Be ee the Number requir' d: 
And whenever the Cyele of the Sum is 21, and that of 
Tha 0 king, 5 the Year of. the Drany/fran-Period is 245. 


Problem may be otherwiſe ſolved, 
ys leg , Myltiplicators, which are 
Bs that 2 can be divided by 28, 


without an . np hut if it Guided 
10, there r mains 1: "The other Aan A by 8 


ks: a. Remainder z hut when it; 15—divide 9 
28, there is a Remainder of 1; Such Number are 
mod in the _ Way, as the preceding Num- 
bers, were vi. I. ſuppaſe the firſt to be 28 x, and the 
other. 19 »z, wherefore. 19. will divide. the Number 
28 x — I, without any Remainder ; and- therefore it 
wall divide '9 x — 1 without a Remain er, and 


Ig wall wan Number: : Suppoſe i it equal | 


to — then 1 Wks, therefore + n+ 1:7 an in- 


tire Number, and- 3. leaſt Number At e can be 
put for n is 8: Let. therefore n = 8, and; a being 


= 192 +2, muſt be 17.3 therefore the fuk 
Number, - being! 28, x7 will, be 476, Aegin, let 
28n + 1 


Sc." 1 _ 
e they ym © 10 . 


—4 — 91 then * e 1 * is ei⸗ 
ther a whole Number or nothing let p—1=0, 
and 13 then 1 222. =? S = 2, and 19) = 28 n 


9 
+ 


3 
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1 = 57. Therefore the two, Numbers that were Lecture 
to be ſound are 476 and 57, And becauſe the Num- XXIX. 
ber 476, divided by 19, leayes 1, if it be multiplid 


by any Number leſs than 19, and the Product be di- 
vided by 19, there will remain the Number which 
multiples it. In like Manner, becauſe 59, divided 
by 28, leaves 1, if 57 be multiplied by any Num- 
her leſs than 28, and the Product be divided by 28, 
there will be left that Number which multiplied 59, 
Hence we draw this: general Rule for finding the 
Year of the Diem ſian Period, Multiply the Cycle of 
the Sun by 57, and the Cycle of the Moon by 4763 
divide the Sum of the Products by 532, &- 
mainder, after the Quotient, will be the Year, of 
the Dianꝝſian Period. | 


_ Be$1Dx58 the Cycles of the Sun and Moon, there 77. Cycle 
is apother, Period of Years, which is called the Cycle of Jadice 
of Indictions, which the Romans uſed, and has no tions. 


Connection with the celeſtial Motions, but is a Re- 
volution of 15 Years, which being compleated, it 
begins again. It is frequently mentioned in the In- 
perial and Pontifical Diplomas, The Year. before the 
Birth of, Chrift the Indiction was 3; and therefore, 
if to the Year of Chri/t you add 3, and divide. the 
Sum by 15, the Remainder ſhewy the Year of the 
Indiction. If there be no Remainder, the Indiction 


18 1 5 | = 3-6 , 9 0 
OF. theſe three Cyeles of the Sun, Moon and In- Te Julian 
dition, by their mutual Multiplication, the Julian Period. 


Period of 7980 Years is, compoſed. This Period 
had its Beginning 764, Years before the Creation, 
and is not yet compleated; and therefore it compre- 
bends all other Periods, Cycles and Apaches, and the 
Times of all memorable. Actions and Hiſtorians, 
There is but one Year in the whole Period which 


has the ame Numbers. for the three Cycles of which 


it is made up; and therefore, if the Hiſtorians had 
remarked in their Annals the Cycles of each Year, 


there had been no Diſpute about the Time of any 


Actio 
Os + 2208 THE 
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Ledure Tur Year before the Birth of Chriſt was the 
IX. 4713th Year of the Julian Period. And therefore, 
Es it to the current Year of Chri/t we add 4713, the 
Frem the Som will be the Year of the Julian Period: On the 
Year 7 | contrary, from the Year of the Julian Period ſub- 

i? tract 4713, there will remain the Year of the Chri- 

, nian Ard. 

_ OY HAvinG the Years of the Cycle of the Sun, Moon, 
Cycles ts and Indict ion, to find the Year of the Julian Period. 
n Tars Problem may be ſolved in the fame Manner 
Year of 5 we ſhewed in the like Cafe about the Dimſian Pe- 

| the Julian Tiod, viz.' by finding 3 Numbers, fuch as the firſt is 
Periad, a Multiple of 19 and 5 or of their Product 28s ; 

but being divided by 28, leaves the Number of the 
Cycle of the Sun for a Reſidue, The ſecond Number 
muſt be a Multiple of 29 and 15, or of their Pro- 
quct 420; but being divided by 19, leaves the Year 
of the Cycle of the Moon. © Zaftlh, The third muft 
be a Multiple of 28 and 19 ; but being divided by 
15, leaves the Year of the Indiction: Sum of 
theſe Numbers, if leſs than 7980, is the Vear of 

the 55 Period. But if the Sum be bigger, di- 

vide by 7980, and the Remainder will be the Vear 

of the Period required. | 
Tat Problem\imay likewiſe be ſolved by conſtant 
and ftared Multipheators, - the firſt of which is a 


leaves 1. The ſecond is a Multiple of 420; but di- 
1 vided by 19, leaves 1 for a Reſidue. The third is a 
Multiple of 532; but being divided by 15, leaves 

for a Remainder 1. Theſe Numbers are to be found 

by the ſame Method we ſhewed in our former Pro- 

blem concerning the Dronyfian Period, and are 4845, 

4200, '6916 ; which being once found, the Canon, 

or Rule for finding the Year of the Julian Period 

from the Years of the Cycles, is this; multiply the 

Number 4845 by' the Year of the Cycle of the Sun, 

and the Number 4200 by the Year of the Cycle of 

the Moon, likewiſe the Number 6916 by the Year 


| | of the Indiction. Divide the Sum of theſe Products | 
+ 8 7 3 


by 


8 Multiple of the Number 2853 but divided by 28, 


„ $9 35 tc. © «we & ed & &® 


1 


ww 


1 
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by 7980, neglecting the Quotient, the Remainder Leu 
will be the Year of the Julian Period required. XXX. 
Example; In the Year 1719 the Year of the Cycle of Comms 


the Sun, is 19, of the Moon , and of the Indiction 
11; multiply 4845 by 19, the Product is 920553 
and 4200 being multiplied by 9, the Product is 
37800.; and laſtly, 6916 being muitiplied by 11, 
the Product is 76076. The Sum of the Products is 
205931; which, being divided by 7080, will have 
a Remainder of 6431 Years, which is the Year of 
the Julian Period. | 


An Appendix, containing a Deſcription and 


Uſe of both the Globes; together with 
ſome Spherical Problems that are to be 
ſolved by a Trigonometrical Calculation. 


e che Things which pertain to the Globes, 
ſome are common to bquh Globes, ſome 
are peculiar to one of the two: And 
thoſe Things that are common, are ei- 
ther without the Surface, or painted on 
the Surface, Without the Surface of the Globes are 
to be ſeen, 
FIRST, The two Poles, about which the Globes re- 
volve: The one is the Arfich Pole, named fo from 
the two Bears that are nigh to it, and is called like- 
wiſe the Septentrional or North Pale, from the Septem 


 Triones, or the ſeven Stars of Charles's Wain: The 


other oppoſite to it is called the Antardick Pole. 
SECONDLY, The Brazen Meridian, and one Side 
of it only, which is diſtinguiſhed and divided inta 
Degrees, and which, paſſing through the Poles, re- 
preſents the true Meridian; and this Side is always 
to be turned to the Eaſt, and the North Pole to the 
North. 


ASTRONOMICAL 


Pecture North. The 1ridian is divided into four Quadrants 
XXX, of go Degrees, two of which are reckoned from that 
xz Part of the Equinoctial *that-is above the Horizon, 


towards each of the Poles ; the other two Quadrants 
have their Diviſions of 90 Degrees, beginning at the 
Poles, and ending in the Æquator. | | 
TIR DI, The wooden Horizon, whoſe upper 
Side does only repreſent the Horizon, and is divided 
into ſeveral Circles, the innermoſt of which contains 
the twelve Signs of the Zodiack, diſtinguiſhed by 
their Names and CharaQters, and each Sign is di- 
vided into 30 Degrees. Next to this are joined two 
Circles, with the Fulian and Gregorian Kalendars, 
diſpoſed according to their Months and Days. The 
outermoſt is a Circle with all the Points of the Com- 
ſs, and the Winds, as they are denominated by the 
men, | 
FourxTHLY, A Braſs Quadrant of Altitude, 
whoſe Edge is divided into Degrees, and is to be 
faſtened to the Meridian at the goth Degree from 
the Horizon; from which the Deprevs are num- 
bered upon it upwards to the 'Zenith, J 
FiFTHLyY, The Horary Circle divided into twice 
twelve Hours: The 12th Hour at Noon is upon the 
upper Part oß it at the Meridian, and the 12th at 
Night is on the Meridian at the lower Side towards 
the Horizon. The Pole carries round the Hand which 
'ſhews the Hour, and is in the Center of the Circle: 
The Hours upon the Eaſt Side of the Meridian are 
the Morning Hours; theſe on the Weſt Side are the 
Hours after Noon. | | 
SIXTHLY, the Mariner's Compaſs is fixed upon 
the Pediment or wooden Frame, Which contains the 
"Globe, and by it the Globe is put in a right Poſition 
in reſpect of the Points of the Heavens. | 
SEVENTHLY, The Semicircle' of Poſition, whoſe 
Extremeties are fixed to the Points of North and 
South, ſo that the Semicirele can be moved freely 
from the Horizon to the Meridian, and may be raifed 
to any Poſition, Theſe Things we have deſcribed 


* — 


— 
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are * the Globe. But on the Surfaces are de- Lecture 
lineated the Things following. XN. 


Fixsr, The Equinoctial Vircle / divided · into 36 — 


Degrees; the Numbers begin at the vernal Intefſec- 


tion, or at firſt, of V, and are oontinded till they re- 


turn to the ſame. 
$8 eonDLY, The Ecliptick, divided into 12 Gipris, 


and each Sign into 30 Degrees, their Names, Cha- 
racters and are to be learned; theyrare, | 


8 8 
oh. or the wo Taurus, or the Bull. Gui, or 


N 
the Twins. Cancer, or the Crab. * the Live 


” 

Virgo, the Vingin. Fa the Balance. bee, 'the 
I 

Scorpion. — the Archer. „ "the 


Goat. Apuarin the Water-bearer. Pies /the: F. Per. 


Tur Sur in his annual Motion paſſes through ene 


Ecliptick, and if we add to it a broad Space of abeut 


cight Degrees" on each Side, we have the Bödlack, 
in which are the 12 Ateviſms' or Conſtellations, e 
moſt of which have the Likeneſs of ſome Ning Crea- 
ture, upon which Account the Zodisek has its Nate. 
In this broad Circle the Mon and all the Planets per - 
form their Motions: The Eekptiek is to he diſtin- 
guiſhed from the Equinoctial Circle by this, that the 
PediovRtial, while the Globe is turned, dbes always 
cut ttie Meridian and the Horizon in the ſame · Points. 
But che Eeliptick *conftantly changes its Poſition; 
ſometimes hile the Globe is turning it is high, ſome⸗ 
times it is low ; ſometimes it cuts the Æquator and 
the Hortadn in one Degree, ſometimes in another, = 
Turm v, There are two Tropicles of '& #id y, 
Wich ure the Limits or Boundaries of the 84, De- 
viations from the Equi noctial, either : tours Narth 
as —_ \ between them. the oblique Vo" 
0 


4 
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Lecture of the Sen, that is, the Ecliptick, and may be called 


the outermoſt of the Sun's Parallels. For becauſe 


ann the Sun every Day paſſes to a different Degree of 


the Ecliptick in its annual Motion, that Degree with 
the Sun in it, being carried round the Earth, by the 
diurnal Revolution of the Heavens, will deſcribe a 
Circle parallel to the Aquator ; and then there muſt 
be ſo. many Parallels, as there are Days from the 
longeſt to the ſhorteſt; though the Sun does not re- 
main ſor a Day in one Point of the Ecliptick, but 
is continually advancing forward ; and therefore does 
not deſcribe 'a perfect Parallel; but rather a ſpiral 
Line: But the Diſtance between each Spire being 
but very ſmall, eſpecially near the Tropicks, we may 
well ſuppoſe the ſingle Revolutions, but eſpecially the 
outermoſt, to be Parallels; which is ſufficient for 
common Uſe, and is moſt convenient, | 

FouRTHLY, The two polar Circles, the Arctick 
and Antarctick, which have been explained in our 
VII and XVIII Zefures. Thefe Things we have 
here mentioned, are common to both Globes, though 
the Ecliptick and the Semicircle of Poſition do pto- 
perly belong only to the celeſtial Globe; yet they are 
put upon the terreſtrial Globe alſo, that the Phæno- 
mena, which depend upon the Motion of the Sun, 
and the Points or Cuſps of the Houſes, may be 
thereby explained if needful, 

THose Things which are peculiar or proper to 
one Sort of Globe, are partly ſome Circles or curve 
Lines; as in the celeſtial Globe, the two Colures, and 
the Circles of Latitude; in the terreſtrial, the Me- 
ridians, Parallels and Rhumbs ; partly the Repre- 
ſentations in the terreſtrial Globe, of. Seas, Iſlands 
and Countries, which we leave to the Geographers 
to deſcribe, In the celeſtial G/obe the Figures of the 
Conſtellations are painted, and the Stars repreſented 
in the ſame Order, Magnitude and Poſition they 
have in the Heavens, Theſe we have enumerated in 


Having 


LACTURES 


PROBLEM I. Having a Plare in the terreſtrial 
Globe, to find its Longitude and Latitude. 

Turn the Ghhbe till the Place comes to the Meri- 
dian (I mean to the Eaſtern Side of the Braſs Meri- 
dian) ; and the Degree of the Equator, which is 
then under the Meridian, whatever Number it is 
mark'd by, ſhews the Longitude of the Place; then 
upon the Meridian, count up from the Æquator the 

mark's, till you come to the Place, and you 
have the Latitude; which will be North Latitude, if 
the Place be on —_— Side; or Southern if it lies 
the Southern Side of the Æquator. | 
" PROBLE M IL Having the Longitude and 
Latitude, to find ot the Place on the terreſtrial Globe, 
to which they belong : Seek in the Æquator the Degree 
of Longitude that is given, and bring it to the Me- 
ridian; then count from the Equator on the Me- 
ridian, the Degree of Latitude given, towards the 
Arctiek or Antarctick Pole, according as the Latitude 
is either North or South, and under that Degree of 
Latitude lies the Place that was tp be found, 

PROBLEM III. To reiß both Globes, and 

fet them is @ given Latitude or Elevation of the Poli; 


and to apply the of Altitude to the Vertical 
Point ; and ta the Globes according to the Points 
of the Compaſs, by of the ' Needle, If the Lati- 


tude of the Place be North, raiſe the Arctick Pole 
above the Horizon ; but for a South Latitude, you 
. muſt raiſe the Antarctick: Then from the elevated 
Pole, count upon the Meridian towards the Horizon, 
the Degrees of the Pole's Elevation; and that Point 
Where the Reckoning ends, bring to the Horizon, 
and then the Globe is adjuſted to a due Elevation. 
Count from the Aquator on the Meridian the Lati- 
tude required, and there will be the Vertex of the 
Place, or the Zenith, To this Point of the Meri- 
| Gian faſten — — „ 

. 0 that 


 HavyinG deſcribed the Globes, we come nom to Lecture 
ſhew their Uſe, which is manifold ; but for our pre- XXX. 


o 
1 
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Lecture that is at the End of it, ſo that the Edge of the Qua- 
XXX. drant, which is divided into Degrees, may be join'd 
Wor to this Point. Laſih, Turn the whole Frame in 
which the Globe is with its Pediment, till the magnetick 
Needle lie in the Plane of the Meridian, ſo that the 
North Point of the Horizon of the : Globe be turn'd 
Northwards ; then will the reſt of the Points on the 
1 Horizon of the Globe agree with the correſponding 
= 1 Points of the Horizon of the Place. | 
PROBLEM IV. To find for any Day of the 
| Year the Degree or Place of the Sun in the Ecliptick, by 
the Help of the Kalendar, and the Circle of Signs ad- 
join d; and then to mark it upon the Ecliptick. Seek in 
the wooden Horizon, the Month and Day given; 
but take care to diſtinguiſh the Julian and Gregorian 
Kalendars, that you may not miſtake the one for the 
other: Then in the innermoſt Circle, which is the 
Circle of Signs, over-againſt the ay you will ſee 
the Degree and Sign in which the Sun is that Day. 
In the Ecliptick which is drawn upon the Surface of 
the Globe, ſeek firſt the Sign, and then the Degree of 
the Sun's Place, The Place of the Sun is more ac- 
curately found out by an Ephemeris, which is made 
for each Year, or elſe it may be calculated by Aſtreno- 
mical Tables. \ | 
PROBLEM V. To find the right Aſcenſion and 
Declination of the Sun, or any Star ; and by that Means 
to adiuſi the Hand which points the Hours to the twelfth 
Hour. Bring the Sun's Place in the Ecliptick, found 
by. the laſt Problem, to the Meridian, and mark the 
Diews of the Æquator which is then under the Me- 
ridian, that will be the right Aſcenſion of the Sun: 
Then compute from the Eguinoctial on the Meridian, 
the Number of Degrees to the Place of the Sun; they 
will ſhew the Sun's Declination, which will either be 
North or South, as the Sun is on this or the other 
Side of the Æquator. When the Place of the Sun is 
in the Meridian, turn the Hour- hand upwards, till it 
comes to the twelfth Hour at Noon. After the ſame 
Manner bring the Place of any fixed Star to the Me- 
ridian, and you ſhall find its right Aſcenſion on the 
Aquator, 
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Aquator, and its Declination on the Meridian. Ha- Lecture 


. ving the Place of the Sun, we ſhew'd how to find its XXX. 


IXth Leaure. 


PROBLEM VI. To find the Meridian Alti- 


tude of the Sun, or any fixed Star, by a Quadrant, or 
any other Inflrument fit for the Purpoſe. We ſhew'd 


the Method of obſerving the Sun's or a Star's Altitude 
in Lecture XIX. 


PROBLEM VII. Having the Declination and 


Meridian Altitude of the Sun, or of a fixed Star, to 
find the Latitude of the Place or Height of the Pole 
above the Horizon, The Method of finding the Lati- 
_ by Obſervation was likewiſe explain'd in Lecture 
XIx. 

PROBLEM VIII. Having the right Aſcenſion 


the Sun, and of a fixed Star, to find the Time when 
1 Star culminates or comes fo the Meridien 


SUBTRACT the right Aſcenſion of the Sun from 
the right Aſcenſion of the Star, adding, if needful, 

60 rees; and there will remain the Arch of the 
oanes, that has paſſed the Meridian between Noon 
and the Time of the Culmination: Turn this Arch 
into Time by dividing the Degrees by 15, and the 
Quotient gives the Hours; then multiply the remain- 
ing Degrees by 4, and you have the Minutes; and 
likewiſe divide the Minutes, which are the Parts of 

rees, by 15, and the Quotient gives the hora 

— And if there 8 Minutes of — 
remaining after the Diviſion, multiply them by 4, 
and you have the horary Seconds: The Time made up 
of theſe Hours, Minutes and Seconds, ſhews the Mo- 
ment of the Culmination of the Star. 

PROBLEM IX. Having the Place 5 the Sun, 
or any Star, to find its oblique Aſcenſion and Deſcenſion; 
as alſo its Eaſtern and Weſtern Amplitude. _— 
Place of the Sun or Star to the Horizon in the Eaſt, 
and mark the Point of the Æquator that riſeth with 
it; it will be its oblique Afcenton: 'T hen count from 
the Point of Eaſt upon the Horizon, to the Place of 
the Sun or Star; the Degrees intercepted will be the 
CEA Eaſtern 


1 and Declination by Trigonometry, in o:! 


— 


| 
' 
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Lecture Eaſtern Amplitude. If you bring the Place of the 


XXX. 


Sun or Star to the Weſtern Side of the Horizon, the 


hy Degree of the AEquator which goes down with it, is 
r 


Table 
XXVI. 
Fig. 2. 


rizon: And its 


the oblique Deſcenſion; and the Arch of the Horizon 
between the Weſt Point, and the Place of the Sun or 
Star, is the Weſtern Amplitude. | 
Tu Trigonometyical- Solution of the Problem is 
this: Let HPOP be the Meridian, A Q the 
Aquator, P the Pole, S the Sun, or Star in the Ho- 
rizon, whoſe Deelination is SR; or the Point of 
Faſt or Weſt. In the right-angled Triangle or RS, 
he have the Side RS the Dechnation of the Sun or 
Star, and the Angle Rer 8, which the Æquator 
makes with the Horizon, and is equal to the Comple- 
ment of the Latitude ; whence we ſhall find the Arch 
or R, which is the Aſcenſtonal Difference of the dun 
r Star; which, added to the Right Aſcenſion, or 
fabtraced from it, according as the Sus or Star is to- 
wards the depreſſed or eleyated Pole, gives the oblique 
Aſcenſion. We fhall have morecver in the ſame 
Triangle, the Arch ar.S, the Amplitude of the Sus 
or Star. The Aſcenſional Difference added to a Qua- 
drant, or ſubtracted from it, according as the Sun or 
Star is towards the elevated or depreſſed Pole, gives 
the Semidiurnal Arch; which being turned into 
Time, ſhe ws the Time of half the Stay of the Sun or 


Star above the Horizon. 


_ PROBLEM X. Having the Aſcenfions of the 
Sun or Star, both Right and 


Sun Rig h. ique, to find the 
Time of their Stay above the Horizon: As 4 


Length e and Night, and the Time of Sun riſing 
2 Ta fade Ru Difference of Cs, 
Right Aſcenſion, and we ſhall have the Aſcenſional 
Difference : Convert it into Time, as we ſbew'd in 
the VIIIch Problem, which, when the Sun or Star 
declines to the elevated Pole, is to be added to fix 
Hours; but if to the deprefled Pole, it is to be ſub- 
tracted from fix Hours; and we fhall have half the 
Time of the Stay of the Sar: or Star above the Ho- 
ment to 12 Hours, is half 
the Time it abides under the Horizon, Half the 

1 Time 
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Time of the Sun's Stay above the Horizon, being Lecture 
computed from Noon, gives the Time of Sun ſet- XXX. 
ting; and half the Time of the Swr's Stay unde 


the Horizon, computed from Midnight, gives the 
Hour of the Sun's riſing; and the Pal Time of 
the Sun's Stay above the Horizon being doubled, 
gives the Length of the Day ; and the half Time of 
e Stay below the Horizon doubled, gives the Length 
of the Night, If you put the Hour-hand. to the 
12th Hour, when the Place of the Sun is in the 
Meridian, and turn the Globe round, till the Place 
of the Sun comes to the Eaſtern Side of the Ho- 
rizon, the Hand will point out the Hour of Sun- 
riſing: Bring it to the Weſtern Side of the Hori- 
zon, and the Hand will ſhew the Time of Sun-ſet- 
ing; from which it is eaſy to compute the Length of 
Day and Night. 
| PROBLEM XI. Having the Time of the Cul- 
mination of a_ Star, and of its half Stay above the 
Horizon ; to find the Hour of its riſing and ſetting. 
If from the Time of the Star's Culmination, you 
ſubtract the Time of the half Stay above the Hori- 
zon, you will have the Hour wherein the Star riſeth : 
If you add that Time to the Time of the Culmi- 
nation, you ſhall have the Time of the Star's ſet- 
ting, which in both Caſes is computed from Mid- 
Day. Or if, when the Place of the Sun culminates, 
you bring the Hour-hand to the 12th Hour, and 
then turn round the Globe, till the Star comes to 
the Eaſtern or Weſtern Side of the Horizon, the 
Hand will point to the Hour of the Riſing or Set- 
ting of the Star. EE | + 
"PROBLEM XII. To the Degree of the 
Ecliptict, which riſes or ſets with a given Star; 
and from thence to determine its Coſmical and Achro- 
nical riſing and ſetting. Bring the given Star to the 
Eaſtern and Weſtern Side of the Horizon, and mark 
what Degree of the Ecliptick riſes or ſets. with it ; 
then in the wooden Horizon look for that Sign 
and Degree which roſe or ſet with the Star; and 
aver-againſt it in the Kalendar, you will find the 
Cc 3 Month 


_- 
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Lecture Month and Day of the coſmical Riſing of the Star. 
XXX, And if you look in the ſame Horizon, the Point op- 


— 


Table 
XXVI. 


Fig. z. 


lite to the riſing Point; over-againſt it in the Ka- 
endar, * ſhall have the Month and Day of its 
coſmical Setting, So likewiſe, over- againſt the De- 
gree that ſets with the Star, you will find the Day 
and Month of the achronical Setting; and the oppo- 
ſite Degree will ſhew in the Kalendar the Day and 
Month of the Star's achronical Riſing, 

Tux Trigonometrical Solution of the Problem is 
this: Let HO be the Horizon, HZO the Meri- 
dian, AQ the Æquator, EC the Ecliptick, Y the 
Point of Interſection of the Equator and Ecliptick ; 
A the Point of the Ecliptick which riſes with the 
Star; and the Point of the /Equator which riſes with 
the Star, ſuppoſe to be or, In the Triangle Y or 
A, we have Vor the oblique Aſcenſion of the 
Star; and the Angle V, the Inclination of the Aqua- 
tor and Ecliptick; and the Angle Y or A, the 
Height of the Æquator above the Horizon, or its 
Complement to two right Angles. Hence we ſhall 
find the Arch of the Ecliptick Y A, and the Point 
of it A, which riſes with the Star. But by the 
Kalendar, or an Ephemeris, we have the Time when 
the Sun is in that Point; and therefore, we have 
the Time when the Star riſes coſmically ; we have 
likewiſe the Angle Y Aer the Angle of the Eclip- 
tick and the Horizon at the riſing Point. When the 
Sun is in the Point oppoſite to the Point A, then 
the Star riſes achronically : And by a like Calculation 
we ſhall find the Time when the Star ſets coſmically 
or achronically, ae 

PROBLEM XIII. Having the Latitude of the 
Place, and the Degree of the Ecliptick which riſes or 
fets with the Star, to determine the heliacal Riſing or 
Setting of a Star, Bring the Star to the Eaſtern Side 
of the Horizon, and turn the Quadrant of Altitude 
round to the Weſtern Side, till it cut the Ecliptick 
in the twelfth Degree from the Horizon, on the 
Quadrant of Altitude, if the Sar be of the firſt 
Magnitude, Then mark the Point of the Ecliptick, 


where 
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where the Quadrant interſects it; that Point, when Lecture 
the Star riſes, is twelve Degrees high above the XXX. 
Weſtern Horizon, but at the ſame time the oppoſite 


Point is twelve Degrees below the Eaſtern Horizon: 
Look that Point in the wooden Horizon, and over- 
againſt it you will find the Month and Day when the 
Sun enters that Point of the Ecliptick, which is the 
Day of the Star”s riſing heliacally; when it begins to 
get ſo far from the Sun's Beams, that it may be ſeen 
in the Morning before Sun- riſing: but if you would 
know the heliacal Setting, bring the Star to the Weſt- 
fide of the Horizon, and turn the Quadrant of Alti- 
tude to the Eaſt- ſide, till the twelfth Degree of it 
from the Horizon cuts the Ecliptick, and mark that 
Point where it interſects the Ecliptick; the Point 
oppoſite to this, is ſo many Degrees depreſs'd under 
the Horizon at the Weſtern Side; and if we find, in 
the wooden Horizon, the Month and Day when the 


Sun comes to that Point, we ſhall have the Time of 
the heliacal Setting. 


By Trigonometry the Problem is thus to be ſolved : able 
In the Figure of the preceeding Problem, let A be the gy yr. 
Point of the Ecliptick, which riſes with the Star : Fig. 3. 


And ſuppoſe the Sun in the Ecliptick at ©, fo that 
the Arch OR of the Circle of Nepreſton may be 
12 or 1 3 Degrees, according as the Star is of the 
firſt or ſecond Magnitude. In the right-angled Tri- 
angle AR ©, we have the Angle RA O, the 
Angle of the Ecliptick and Horizon, and the Side 
R ©, which is 12 or 13 Degrees: Hence we ſhall 
have the Side A ©, which, added to Y A, gives 
the Arch Y ©, and the Point ©, which the Sun 
muſt be in when the Star riſes heliacally, In the 
ſame Manner we may find the Time of the heliacal 
Setting. 

PROBLE M XIV. Having the Latitude f 
the Place, and the Place of the Sun in the Ecliptick ; 
to find the Beginning and End of Twilight, Rectify 
the Globe for the Latitude of the Place by Problem 
third, and put the Hour-hand to the twelfth Hour, 
the Sun's Place being in the Meridian ; then take 


Cc4 the 
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Lecture the Point of the Ecliptick oppoſite to the Swr's 

XXX. A Wn 2 * W as wh the 

hy Quadrant 0 titude, *ti oint oppoſite to 

the Sun's Place, cut the Quadrant of Altitude in 

the 18th Degree above the Horizon: The Hour+ 

hand will ſhew the Time of Dawning in the Morn- 

ing. But if you take the Point oppoſite to the Sun, 

and bring it to the Faſtern Hemiſphere, and turn 

it *till it meets with the Quadrant of Altitude in 

the 18th Degree, the Hand will ſhew the Hour 

when Twilight ends in the Evening. The Trige- 

nometrical Solution of this Problem is in Ledture XX. 

PROBLEM XV. Having the Latitude of the 

Place, and the Place of the Sun, if we have beſides 

any one of the three . fallowing Thi viz. The 

of the Day or Night, or the Altceude or Azimuth 

of the Sun or a Star; ta find the other tuo. Rectify 

the Globe for the Latitude given, and bring the 

Place of the Sun to the Meridian; and the Hour- 

hand to the Twelve o'Clock Hour: Then if the 

Hour be given, turn round the Glabe till the Hand 

points to it, and bripg the Quadrant of Altitude 

to the Place of the Sun or Star; you will ſee in 

the graduated Edge, the Degree of Altitude; and 

where the Quadrant inter the Horizon, there 

ou will find its* Azimuth, to be counted from the 

7 terſection of the Meridian and Horizon : But if 

by the Altitude be given, turn the Glabe with one Hand, 

and the Nr of Altitude with the other, till 

the Place of the Syn meets with the Quadrant at 

the given Altitude; then the Hand will point to the 

Hour; and the Interſection of the Quadrant and 

Horizon will ſhew the Auimuth. But if the Azi- 

muth be given, turn the Quadrant till it interſects 

the Horizon at the given Azimuth, and there keep 

it fixed; but turn the Globe, till the Place of the 

Sun or Star meets with the Quadrant, and the De- 

grees upon the Quadrant will give the Altitude, and 
the Hour-hand will point to the Hour, 


THE 
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Tux Problem is ſolved Tr; ricalty thus: Let Lecture 
HO be the Horizon, HPO the Meridian, A Q XXX- 
the Aquator, Z the Vertex or Zenith, P the Pole. 
$ the Sus or Star, whoſe Diſtance from the Vertex is Table 
ZS, and 80 the Complement of Declination, or XXVI. 
its Diſtance from the Pole. ' Becauſe we have the Fig 4. 
Right Aſcenſion of the Sun or Star, we have the 
Difference of their Right Afcenfions, which being 
turned into Time will ſhew the Time of the Cul- 
mination af the Star; and the Arch which meaſures 
the Angle P38, being turned into Time, will give 
the Hour of the Night. Now in the Triangle ZPS, 
having Z'P the Diftance of the Zenith from the 
Pole, and PS the Complement of the Declination of 
the Star; if I have, beſides thefe two, the Angle P, 
which the Hour gives, we can from them find the 
Angle Z, which — the Star's Azimuth, and the 
Arch Z 8 the Stars Zenith Diftance, which will 
ſhew the Altitude, Or if we have the Arch ZS, 
we ſhall find the Angle P, and by that the Hour of 
the Night, as alſo the Angle PZ S the Azimuth. 
Or if we have the Angle PZS, we can from thence 
find ZS the Complement of the Altitude, and the 
Angle ZP'S, which will give the Hour. By the 
fame Method having the Altitude of the Sun, which 
we take by an Obſervation, and his Declination, 
which is known by Tables, from his Place in the | 
Ecliptick, we can find the Angle PS, which be- 
ing turned into Time, will give the Honour of the 
Dev. 
ROBLEM XVI. Ty find the Diftance between 
tius Places on the Surface of the Terreſtrial Globe. 
LIT us, for Diſtinction-ſake, call one of the 
Places the firſt, and the other the ſecond. Rectify 
the Globe, for the Latitude of the firſt Place, and 
bring it to the Meridian, and there fix the Glabe with 
the Quadrant of Altitude to the Vertex, and turn 
the Quadrant till its graduated Edge paſs through the 
ſecond Place: Then count the Degrees of Diſtance, 


from 
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Lecture from the Vertex to the ſecond Place, and the Arch 

XXX. of the Horizon intercepted between the Meridian 
r and Quadrant will give you the Angle of Poſition. 

able By Trigonometry we thus proceed: Let E Q be 

XXVI. che Aquator, P the Pole, $ s two Places, whoſe 

Fig. 5. Complements of Latitude are PS and Ps; and be- 

cauſe their Longitudes are given, we have their Dif- 

ference of Longitude, which is meaſured by the An- 

gle SPs: Therefore in the Triangle SP s, we have 

the Sides SP, sP, with the Angle SPs; by them 

we can find Ss in Degrees and Minutes, which be- 

ing converted into Miles, allowing 69 Englh Miles 

for each Degree, we ſhall have their Diſtance in 

Miles. We can alſo find the Angles PSs and P5S, 

which are the Angles of Poſition, 15 | 

In the ſame Manner in the Heavens, if we have 

the Right Aſcenſions and Declinations. of - two Stars, 

or their Longitudes and Latitudes, we ſhall find their 

Diftances. | 

PROBLEM XVII. For any Time and Place to 

erec the Theme or Scheme of the Heavens. _— 

the celeſtial Globe for the Latitude of the Place. If 

u have not a celeſtial Globe, a terreſtrial will do, 

Take the Place of tbe Sun for the given Time, and 

bring it to the Meridian, and the Hour- hand to the 

twelfth Hour; then turn the Globe till the Hand 

ſhews the given Hour: Or, if you like to be more 

accurate in your Work, to the Right Aſcenſion of 

the Sun add ſo many Degrees and Minutes, as the 

Time from Mid-day requires, for every Hour count- 

ing 15 Degrees, and for every four Minutes a De- 

gree, rejecting, if it exceeds it, 360 Degrees ; ſo by 

this you will have the Right Aſcenſion of Mid- heaven, 

or the Degree of the EquinoQtial, which then cul- 

minates, which is to be placed under the Meridian. 

Then faſten the Semicircle of Poſition to the. Me- 

ridian, at the Points of South and North in the Ho- 

rizon. From the Point of the ZEquator culminating, 

count on the Equator 30 Degrees gay * and 

| ring 
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bring the Semicircle of Pofition to the zoth Degree, Lecture 
and obſerve in what Degree this Semicircle cuts the XXX. 
Ecliptick ; that will be the Cuſp of the eleventh Wymd 
Houſe, which - muſt be ſet down on Paper. Again, 
move the Semicircle of Poſition to the 60th Degree 
of the EquinoRial from the culminating Point, and 
mark where it cuts the Ecliptick, and you have the 
Cuſp of the twelfth Houſe, which is likewiſe to be 
writ down, Bring the Semicircle of Poſition to 
the Weſtern Side, and count thirty Degrees from 
the culminating Point, and letting the Semicircle 
paſs through that Point, obſerve where the Semi- 
circle cuts the Ecliptick, that will be the Cuſp of 
the ninth Houſe, Then count from the culminating 
Point again Weſtward 60 Degrees, and the Semi- 
circle of Poſition, paſſing through that Point, will 
cut the Ecliptick in the Cuſp of the eighth Houſe : 
And the Meridian cuts the Ecliptick in the Cuſp 
of the tenth Houſe, And the Place where the 
Horizon Eaſtward cuts the Ecliptick is the Cuſp 
of the firſt Houſe, or the Horoſcope ; and the 
Weſtern Side of the Horizon ſhews in the ſame 
Ecliptick, where it cuts it, the Cuſp of the ſe- 
venth Houſe: And as it is diametrically oppoſite 
to the firſt, ſo is the ſecond to the eighth, and the 
third to the ninth, the fifth to the eleventh, and 
the fixth to the twelfth, ; ; 
PROBLEM XVIII. Having erected the Theme, © 
to direct any Point to any otber Point. To a Pla- 
net or Aſpect aſſign its Place in the Zodiack, ac- 
cording to its Longitude and Latitude; and chuſe 
any Planet or Degree of the Ecliptick, which you 
would direct, and which, for Diſtinction-ſake, we 
will call the firſt Place; and the Place to which 
you would direct this firſt Place, call the ſecond; 
then through the firſt Place, which uſed to be called 
the Significator, draw the Semicircle of Poſition, 
and mark that Degree in which it cuts the AEqua- 
tor; then, keeping the Semicircle in the Po- 
tion, 
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Lecture fition, turn the Globe Weſtward, till the ſecond 
XXX. Place arrive at it, and then in obſerve where the 
Loyd EquinoRtial is cut by the ſaid Semicircle, Subtraft 
the Degree firſt ob from the e 
in the ſecond; adding, if need be, 


the Remainder is the Arch of Direction, which w. 
to be found, 
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Which ſheweth where the Terms and 


Words uſed in Aftronomy are W 
in this BOOK. 


A. 


Ane e, Pag. 222 
EAguation, what, 285 
here greateſt, | ibid. 


2 ation of Time, | 

| 8 uation % Time when greateſt, — 
The 2 guat or N 63,508 
guat, s Secondaries, 74, 209 
guinoclies or E ſuinoc tial Points, | 26g 
Era, or Epecha, © 365 
Table of remarkable Aras, 368 
Altitude of the Pole, 217 
Of a Star, 6,22.3 

Of the Earth's Shadno, 120 

Of the Moon 3 Shadow. ibid. 
Amplliſcii, 5 212 
Amplitude, Eaſtern and Wiflern, 214 
Amplitude of the Warld, 40 
| Anaſtrous Signs, 3r 


gies their Meaſure, 
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oo Method of obſerving, Pag. 3 
yk IV tobich the Sun would appear, ſeen 
ea Star, 37 
Thi eh of Commutation, + 340 
The Angle of the Fiquator and the Bdliptich, 209 
0 wg Ecliptick and Meridian, 226 
95 the Ee tick and the Horizon, 267 
the Ecli 0 and Vertical Circle, or the Pa- 
rallactict Angle, ibid, 
Anemaly, the Mean, wn _— 86 
The True. | F4 8 
0 os the Ectentrick, © + _ 28 
nomaliflical Year, 272 
The Antarctiet Circle, rn 57704209 
The Antecedentia, a Hit, | > 
Antipodes, 21 en 
Antceci, Ad cwids ibid. 
Aphelion, 85 
Apogeon, 100 
Its Motion, ur 102 
Apparent Diameters, | 6 
Of the Sun, 32,277 
1 Diameters of the Man's Shadow 2 
i a \, E : 42 125 
of, Of perpetual Apparitim, the Circk, "+ 220 
des, 35 
Th Ardtiet Circle 70, 209 
Areas or Elliptick Spaces equabl deſcribed, 36, 
278, 280 
1 of Latitude, 340 
Ariſtarchus, his Problem to Jos the ee Diſlance, 261 
7 an right, 210 
| on oblique, a 2320 
ſcenſianal Difference, | ibid, 
Aſcii, or Shadowleſs, _ © 213 
 Aſpet, Quadrate, or Quadrature, 93 
PRronomizal Tables, | 3 
Apter:\ms or Conſtellations, 4s 
' Atmoſphere, its Advantages, - 232 
[ts Height, \ \ "26 
The Carſe of Twilight, A — 433 
V the Refractien, 240 
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Axis of the Earth 6 
2 Parallelifm, * 15 68 
Axis of the Ecliptich, * 5 
Conflellations, their Namen, 43,4, 50 
Azimuths, B. | 244 
Biſſextile Year, 363 


Bullialdus, his Correction 2 Ward's Hypotheſes, 306 
The Calculation of the — Place of 'a Planet, 


| 40 
Cardinal Points, | - 
The Circle terminating Twilight, | 2 
Circles, their Diviſion into Degrees and Minutes, 4 
The Circle — 2 and Darkneſs, © | 


Great Circles in t Sphere, 5 206 
Leſs Circles, ibid. 
Circle of per petual Occultation, 220 
Of Vijzon, 92 
Climates, F 220 
Colure of the Equinodlies, 210 
| the Solftices, | ibid, 
Comets, a Sort of Planets, 189 
Their Courſe in the Heavens, 197 
Their Figure, 195 
Their Motion, 198 

' They demonſtrate the Nai Ju Vacuum, 20 
The true Form of their Orbits, 198 
Their Parallaxes, 192 
Their Tails, | 203 
Commutation, | 340 
Conjunction of the Sun and Moon, 9 3 

The Conical badotu, 52 111,11 
| Its Angle, 116 
: Conſtellations, their Names,, &c, 48,49, 50 
Copernicus, his Prophecy, | 163 
Coſmical riſing, 222 
Crepuſculum, or Twilight, 273 

Where ſhorteſt, &c. 23 

Its different Durations, 238 

Its Beginning and Ending, . - 240 


hed — 


| 8 of. the Mao's 2 


We IN nn. 
Oulnimt ion, what, \Pag. 214 
Curtate Diſtance, ATE 0 2340 


ele of the Moon, or the Metinich bi: \ 15. 
944 abs Sun, | oO * 


(Nan. VAL 371 
Orbe of Indiftions, 379 
Days Natural and Arti as 399 
Days being longer than nes 11 Wake 


88 
The Inequality of Days, -- 3 
The longeſt brats = ww thy ne. 
Declination, | 
The Declination of the dun how 


Diameters a pperent,. . 


0. the 2 8 fart, aun 35 
the Sun greater in Winter * in eures 
a e of the Mipedi's. Shadow, , 225 
( the Penumbra, ec \ 5 id. 
( the Earth's Shadow, _ ibid. 
Diameters of the Planets, _ - 344 
Dichotomy of the Moon, CGD 9 
Dionyſian Period, A 2 Mi 
Diſs of the Earth, (LEV IBS A593 wind 128 
Diftance of the Sun hnw ta be found, 259 
Diurna ! Motion of the Sun in the Baud. 272 
Dominica) Lets, ö 9 
Drages Head and 7¹ , K. ; aur 99 
Berth, its Annual Motion, any ae 60 
032 Poles, ort 03 
Diftance from the dnn. 2 
+ |, 1 Rotation round its Axis, 0 G4 
Ech pſes explained, Kan 109 
4 4 of the Moon, when 10 happen, nn 
| the Sun, when, ' | 112 
Bdlipſes total, central, partial th 113 
Eclipſes enauler, N 121 
Eclipſes of the Earth, did. 
Eelipſes, their Limits, 124, 132 
Tapi, | 60, 207 
* Secondaries, . * 207 
5 bliqguity, 
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Mean Diltance, 
Mercury, one of the Planets, 
Meridian, a Circle of the Sphere, 
Univerſal Meridian, | 
—=—_— Eine, how drawn, 
ifference of Meridians, or of Longitude, 
3 3 
Milky-way, 
Menths, fd 
ths, cal and periodical, 
Aeon, an Attendant 2 Earth, 
Its Apogeon and Perigeon, 
* Diurnal Motion from the Sun, 
. Elongation from the Sun, 
115 Face as drawn by Aſtronomers, 
Its Spots, Mountains and Cavities, 
Its Libration, 
Illumination, and its Quantity, 
Its Light in total Eclipſes, 


Its Nodes, 
Shadow, : 
Its Diflance from the Earth, 
Variation, 
Motion, how viſible, 
Motion of the Apogeon, | 
Motions equable, why they appear unequal, " 
Motion of a Ball falling in a Shipy —_ 
Motion in Longitude, 8 
Mean Mot ion, ibid. 
Motion the Planets — their Axes, 45 
Nadir, or the Vertical Points, 213 
New Moon, ; 93 
Nenageſimal Degree of the Ecliptick, 215 
Nerthern ſphere, 208 
Obligue Aſcenſion, 220 
Optical Inequality, 10 
qſition, 3 
raphical Projection, 128 
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Parallel Circles, Pag. 206 
Parallels and Climates, 221 
 Baralleliſm of the Earth's His, 66 
Parallax of the Stars, . 245 
Parallax of tht Mom, 123, 150, 257 
Parallax of Altitude, 246 
Of Longitude, * 
0 Latitude, 250 
Parallax of the Annual Orb, I 3 
2 of the Sun, 25 
enumbra, 118 
Penumbra, its Dimenſions, 119 
Perigeon, 100 
Perihelion, 8 
Periods of the Planets, 341 
Periſcii, 213 
Periceci, 
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Perinds, Dionyſian, Julian, and Sothaical, 376, 255 


The Phaſes of the Moon, 
The Phaſes of Venus, | K 
Place Geocentrick and Heliocentrich, | 341 
Place, its Peſitien on the Eartb's Diſt for any given 


Time, 


- 141 
Place of a Star reduced to the E cliptick, 207 
—4 or . andert, P 21 
Planets, their Order, | 22 
Opake Bodies, 23 
They move romd the Sun, 21 
Inferier, 155 
Superior, 171 


Planets, Direct, Retrograde, and Stationary, 169, 178 


Planets, their Diſtanges from the Sun, compared with 
their Periods, 341 


Pla 1 Mations, obſerved from the Earth, are irrequ- 


2 
3 P lanets, wy 
Pole of the Ecliptick or Heavens, : : 
Poles 0 7 the el, 42 
the M. 03 
lar 2 (7 
Pal cles, Preceion 
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